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PEEFAOE. 



The solution of a problem by arithmetic, 
although in some cases more laborious than the 
algebraic method, gives the better comprehension of 
the subject. Arithmetic is analysis and bears the 
same relation tg algebra that plane geometry does to 
analytical geometry. Its power is comparatively 
limited, but it is exceedingly instructive in its treat- 
ment of questions to which it applies. 

In the following work the problems of electrical 
engineering and practical operations are investigated 
on an arithmetical basis. It is believed that such 
treatment gives the work actual value in the analy- 
tical sense, as it necessitates an explanation of each 
problem, while the adaptability of arithmetic to 
readers who do not care to use algebra will make 
this volume more widely available. 

In electricity there is much debatable ground, 
which has been as far as possible avoided. Some 
points seem quite outside of the scope of this book, 
such as the introduction of the time-constant in 
battery calculations. Again the variation in con- 
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stants as determined by different authorities made 
a selection embarassing. It is believed that some 
siTCcess has been attained in overcoming or com- 
13romising difficulties such as those suggested. 

Enough tables have been introduced to fill the 
limits of the subject as here treated. 

The full development of electrical laws involves 
the higher mathematics. One who would keep up 
with the progress of the day in theory has a severe 
course of study before him. In practical work it is 
believed that such a volume as the Arithmetic of 
Electricity will always have a place. We hope that 
it will be favorably received by our readers and that 
their indulgence will give it a more extended field of 
usefulness than it can pretend to deserve. 



CONTENTS. 



CHAPTER 1. 

INTRODUCTOBY. 

Space, Time, Force, Resistance, Work, Energy, Mass 
and Weight.— The Fundamental Units of Dimension, 
and Derived Units, Geometrical, Mechanical, and Elec- 
trical.— C. G. S. and Practical Electrical Units.— Komen- 
clature.— Examples from Actual Practice 9 

CHAPTER II. 

ohm's law. 

General Statement. — Six Rules Derived by Transpos-. 
ition from the Law. — Single Conductor Closed Circuits. 
— Batteries in Opposition. — Portions of Circuits. — Di- 
vided Circuits, with Calculation of Currents Passed by 
Each Branch, and of their Combined Resistance 13 

• 

CHAPTER III. 

RESISTANCE AND CONDUCTANCE. 

Resistance of Different Conductors of the same Mater- 
ial. — Relations of Wires of Equal Resistance. — Ratio of 
Resistance of Two Conductors. — Specific Resistance. — 
Universal Rule for Resistances. — Resistance of Wires 
Referred to Weight. — Conductance. — Ohm's Law ex- 
pressed in Conductance 26 



vi CONTENTS. 

CHAPTER IV. 

POTENTIAL DIFFERENCE. 

Drop of Potential in Leads, and Size of Same for Mul- 
tiple Arc Connections. — ^Diminishing Size of Leads 
Progressively 38 

CHAPTER V. 

CIBCULAB MILS. 

The Mil.— The Circular Mil as a Unit of Area.— Cir- 
cular Mil Rules for Resistance and Size of Leads 43 



CHAPTER VI. 

SPECIAL SYSTEMS. 



Three Wire System.— Rules for Calculating Loads in 
Same.— Alternating Current System.— Ratio of Conver- 
sion.— Size of Primai-y Wire.— Converter Winding 46 



CHAPTER VIL 

WORK ATTD ENERGY. 

Energy and Heating Effect of the Current.— Differ- 
ent Rules Based on Joule's Law. — The Joule or Gram- 
Calorie. — Quantity of Heat Developed in an Active Cir- 
cuit in a Unit of Time. — Watts and Amperes in Rela- 
tion to Time. — Specific Heat. — Heating of Wire by a 
Current. — Safety Fuses. — Work of a CuiTent. — Elec- 
trical Horse-Power. — Duty and Efficiency of Electi-ical 
Generators 50 



CONTENTS. vii 

CHAPTER VIII. 

BATTERIES. 

Arrangement of Battery Cells. — General Calculations 
of Current. — Bules for Ari'augement of Cells in a Bat- 
tery. — Battery Calculations for Specified Electromotive 
Force and Current. — Efficiency of Batteries. — Chemistry 
of Batteries. — Calculation of Voltage. — Work of Batter- 
ries. — Efficiency of Batteries, to Calculate. — Chemicals 
Consumed in a Battery. — ^Decomposition of Compounds 
by a Battery. — ^Electroplating 66 



CHAPTER IX. 

ELECTBO-MAGNETS, DYNAMOS AND MOTOBS. 

The Magnetic Field and Lines of Force. — ^Permeance 
and Reluctance. — ^Magnetizing Force and the Mag- 
netic Circuit. — General Rules for Electro-Magnets and 
Ampere -Turns for Given Magnetic Flux. — Magnetic 
Circuit Calculations. — Leakage of Lines of Force. — 
Example of Calculation of a Magnetic Circuit. — ^Dyn- 
amo Armatures. — ^Voltage and Capacity of Armatures. 
— Drum Type Closed Circuit Armatures. — ^Field Mag- 
nets of Dynamos.— The Eapp Line 82 



CHAPTER X. 



DEMONSTBATION OF BULES. 



Some of the Principal Rules in the Work Demonstra- 
ted 109 



viii CONTENTS. 

CHAPTER XI. 

NOTATION IN P0WEK8 OP TEN. 

The Four Fundamental Operations of Addition, 'Sul>- 
traction, Multiplication and Division in Powers of 
Ten 118 

TABLES. 

A Collection of Tables Keeded for the Operations and 
Problems Given in the Work 121 

INDEX. 



t 



ARITHMETIC OF ELECTRICITY. 



CHAPTER I. 

INTRODUCTORY. 



' Space is the lineal distance from one point to 
another. 

Time is the measure of duration. 

Force is any cause of change of motion of matter. 
It is expressed practically by grams, volts, pounds 
or other unit. 

Resistance is a counter-force or whatever opposes 
the action of a force. 

Work is force exercised in traversing a space 
against a resistance or counter-force. Force multi- 
plied by space denotes work as foot-pounds. 

Energy is the capacity for doing work and is 
measurable by the work units. 

Mass is quantity of matter. 

Weight is the force apparent when gravity acts 
upon mass. When the latter is prevented from 
moving under the stress of gravity its weight can 
be appreciated. 
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Physical and Mechanical calculation^ are based on 
three fundamental units of dimension, as follows: 
the unit of time — the second, T; the unit of length 
— the centimeter, L; the unit of mass — the gram, 
M. Concerning the latter it is to be distinguished 
from weight. The gram is equal to one cubic centi- 
meter of water under standard conditions and is 
invariable; the weight of a gram varies slightly with 
the latitude and with other conditions. 

Upon these three fundamental units are based the 
derived units, geometrical, mechanical and electrical. 
The derived units are named from the initials of 
their units of dimension, the C. Q, S. units, indi- 
cating centimeter-gram-second units. 

In practical electric calculations we deal with 
certain quantities selected as of convenient size 
and as bearing an easily defined relation to the 
fundamental units. They are called practical 
units. 

The cause of a manifestation of energy is force; 
if of electromotive energy, that is to say of electric 
energy in the current form, it is called electromotive 
force, E. M. F. or simply E. or difference of poten- 
tial D. P. What this condition of excitation may 
be is a profound mystery, like gravitation and much 
else in the physical world. The practical unit of 
E. M. F. is the volt, equal to one hundred mil- 
lions (100,000,000) C. G. S. units of E. M. F. The 
last numeral is expressed more briefly as the eighth 
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power of 10 or 10^. Thus the volt is defined as 
equal to W C. G. S. units of E. M. F. 

This notation in powers of 10 is used throughout 
C. G. S. calculations. Division by a power of 10 is 
expressed by using a negative exponent, thus 10"* 
means l oo oiooog . The exponent indicates the number 
of ciphers to be placed after 1, 

When electromotive force does work* a current is 
produced. The practical unit of current is the 
AMPERE, equal to tV C G. S. unit, or 10"^ C. G. S. 
unit, A being expressed by 10"^ 

A current of one ampere passing for one second 
gives a quantity of electricity. It is called the 
COULOMB and is equal to 10"^ C. G. S. units. 

A coulomb of electricty if stored in a recipient 
tends to escape with a definite E. M. F. If the 
recipient is of such character that this definite E. 
M. F. is one volt, it has a capacity of one Farad 
equal to r oooo ^ ooooo or 10"® C. G. S. unit. 

A current of electricity passes through some 
substances more easily than through others. The 
relative ease of passage is termed conductance. In 
calculations its reciprocal, which is resistance, is 
almost universally used. A current of one ampere 
is maintained by one volt through a resistance of 
one practical unit. This unit is called the Ohm and 
is equal to 10* 0. (Jr. S. units. 

Sometimes, where larger units are wanted, the pre- 
fix deha, ten times, heka, one hundred times, ktio, one 

>/ : .- \ . ■= r ;> r ^ ■' \-^. <■■. ^. . ro ♦■..^>.>U N--VV ^'^^.^-^ 

,;.Li'/ A ;. •,- ■. !;• ■.»;,.'•.' \ J . ^; ^•• «\ ■ ,s. ^ • ^ . , 
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thousand times, or mega, one million times are used, 
as dekalitre, ten liters, kilowatt, one thousand watts, 
megohm, one million ohms. 

Sometimes, where smaller units are wanted, the 
prefixes, deci, one tenth, centi, one hundredth, milli, 
one thousandth, micro, one millionth, are used. A 
microfarad is one millionth of a farad. 

For the concrete conception of the principal units 
the following data are submitted. 

A Danieirs battery maintains an E. M. F. of 1.07 
volt. A current 'which in each second deposits 
= .00033 grams copper (by electro-plating) is of one 
ampere intensity and from what has been said the 
copper deposited by that current in one second cor- 
responds to one coulomi. A column of mercury one 
millimeter square and 106.24 centimeters long has 
a resistance of one ohm at 0*^ 0. The capacity of the 
^- earth is 1088800 farad, A Leyden jar with a total 
coated surface of one square meter and glass one 
mm. thick has a capacity of -h microfarad. The 
last is the more generally used unit of capacity. 

These practical units are derived from the C. G. 
S. units by substituting for the centimeter (C.) one 
thousand million (10^) centimeters and for the gram, 
the one hundred thousand millionth (10"^^) part of a 
gram. 
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CHAPTER n. 

ohm's law. 

This law expresses the relation in an active 
electric circuit (circuit through which a current of 
electricity is forced) of current, electromotive force, 
and resistance. These three factors are always pres- 
ent in such a circuit. Its general statement is as 
follows : 

In an active electric circuit the current is equal to 
the electromotive force divided by the resistance. 

This law can be expressed in various ways as it is 
transposed. It may be given as a group of rules, to 
be referred to under the general title of ohm's law. 

Rale 1. Tlie current Is equal to tlie eleetromotive (V^<^ 
force divided by the resUtance. o - _ - /o"'s --^C.(\ S, 

Rule 3« Tlie electromotlTe force Is equal to the cur* "^ '* 

rent multiplied by the resistance. E = C R 

Rule 3. The resistance Is equal to the electromotlTe 

force divided by the current. r = — 

C 
Rule 4« The current varies directly mrlth the electro- 
motive force and Inversely mrlth the resistance. 
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Rule 5. Tbe resistance varies directly nrltli tlie elec- 
tromotive force and Inversely ivltli the current. 

Rule 6. Tlie electromotive force varies directly uritli 
tbe current and w^lth tlie resistance. 

This law is the fundamental principle in most 
electric calculations. If thoroughly understood it 
will apply in some shape to almost all engineering 
problems. The forms 1, 2, and 3 are applicable to 
integral or single conductor circuits; when two or 
more circuits are to be compared the 4th, 5th and 6th 
are useful. The law will be illustrated by examples. 

Single Conductor Closed Circuits. 

These are circuits embracing a continuous con. 
ducting path with a source of electromotive force 
included in it and hence with a current continually 
circulating through them. 

Examples. 

A. battery of resistance 3 ohms and E. M. P. 1.07 
volts sends a current through a line of wire of 55 
ohms resistance ; what is the current? 

Solution : The resistance is 3 + 55 = 58 ohms. 
By rule 1 we have for the current ^"^ giving ,01845 
Ampere. 

Note. — A point to be noticed here is that whatever is 
included in a circuit forms a portion oi it and its resistance 
must be included therein. Hence the resistance of the 
battery has to be taken into account. The resistance of a 
battery or generator is sometimes called internal resistance 
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to distinguish it from the resistance of the outer circuit, 
called external resistance. Resistance in general is 
denoted by R, electromotive force by E, and current by 
C. 

A battery of R 2 ohms; sends a current of .035 . 
ampere through a wire of R 48 ohms; what is the 
E. M. P. of the battery? 

Solution: The resistance is 48 + 2 = 50 ohms. By 
Rule 2 we have as the E. M. F. 50 X .035 = 1.75 
volts. 

A maximum difference of potential B. M. P. of 
30 volts is maintained in a circuit and a current of 
191 amperes is the result: what is the resistance of 
the circuit? 

Solution: By Rule 3 the resistance is equal to 
^*=.157 ohms. 

In the same circuit several generators or gal- 
vanic couples may be included, some opposing the 
others, i. e. connected in oppositioij. All such can 
be conceived of as arranged in two sets, . distrib- 
uted according to the direction of current produced 
by the constituent elements, in other words, so as 
to put together all the generators of like polarity. 
The voltages of each set are* to be added together to 
get the total E. M. F. of each set. 

Rule 7. 'Where batteries or {generators are In opposi- 
tion, add toffetber tbe E. VK. F of all generators of like 
polarity, tbus obtaining t^ro opposed E. RI. F.s. Sub" 
tract the smaller B. JVI. F. ft*oni the larger F. RI. F. to 
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obtain tlie eflTeetlTe £• RI, F« Tlien apply Obm's lair on 
tills basis of B. RI. F. 

It will be understood that tlio resistances of all 
batteries or generators in series are added to give 
the internal resistance. 

Examples. 

There are four batteries in a circuit: Battery No. 
1 of 2 volts, % ohm; Battery No. 2 of 1.75 volts, 2 
ohms; Battery 'No. 3 of 1 volt, 1 ohm; Battery No. 
4 of 1 volt, 4 ohms constants;* Batteries 1 and 4 are 
in opposition to 2 and 3. What are the effective 
battery constants? 
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Solution: Voltage = (2 + 1) — (1.75 + 1) = .25 volt. 
Eesistance = j4 + 2+l + 4 = 7j^ ohms, or .25 
volt, 7>^ ohms constants. 

What current will such a combination produce in 
a circuit of 5 ohms resistance? 

Solution: By Ohm's law, Rule 1, the current = 
.25 -*- (7J4 + 5) = .02 amperes. 

A battery of 51 volts E. M. P. and 20 ohms resist- 
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ance has opposed to it in the same circuit a battery 
of 26 volts E. M. F. and 25 ohms resistance. A 
current of j4 ampere is maintained in the circuit. 
What is the resistance of the wire leads and con- 
nections? 

Solution: The effective E. M. P. is 51 — 26 = 25 
volts. By Rule 3 we have 25 -«- i = 200 ohms, as the 
total resistance. But the resistance of the batteries 
(internal resistance) is 20 + 25 = 45 ohms. The re- 
sistance of leads, etc. (external resistance), is there- 
fore 200 — 45 = 155 ohms. 

PoETioNS OP Circuits. 

All portions of a circuit receive the same current, 
but the E. M. F., in this case termed preferably dif- 
ference of potential, or drop or fall of potential, 
and the resistance may vary to any extent in differ- 
ent sections or fractions of the circuit. Ohm's Law 
applies to these cases also. 

Examples. 

An electric generator of unknown resistance main- 
tains a difference of potential of 10 volts between its 
terminals connected as described. The terminals 
are connected to and the circuit is closed through a 
series of three coils, one of 100 ohms, one of 50 
ohms, and one of 25 ohms resistance. The connec- 
tions between these parts are of negligibly low re- 
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sistance. What difference of potential exists be- 
tween the two terminals of each coil respectively? 

Solution: The solution is most clearly reached by 
a statemeifl of the proportion expressed in Kule 6, 
viz. : The electromotive force varies directly with the 
resistance. The resistance of the three coils is 175 
ohms; calling them 1, 2, and 3, and their differences 
of potential E^, E^, and E^ we have the continued 
proportion, 175 : 100 : 50 : 25 :: 10 volts : E^ : E^ : E^. 
because by the conditions of the problem the total 
E. M. F. = 10. Solving the proportion by the regu- 
lar rule, we find that E* = 5.7, E'' = 2.8 and E' = 1.4 
volts. 

The same external circuit is connected to a 
battery of 30 ohms resistance. The difference of 
potential of the 100 ohm coil is found to be 30 volts. 
What is the difference of potential between the ter- 
minals of the battery, and what is the E. M. P. of 
the battery on open circuit, known as its voltage or 
E. M. F. (one of the battery constants)? 

Solution: The total external resistance is 100 + 50 
+ 25 = 175 ohms. By Eule 6, we have 100 : 175 :: 30 
volts : X = 62 j4 volts, difference of potential between 
the terminals of the battery. The current is found 
by dividing (Rule 1), the difference of potential of 
the 100 ohm coil by its resistance. This E. M. F. is 
30. The current therefore is ^ amperes. The to- 
tal resistance of the circuit is that of the three coils 
or 175 ohms phis that of the battery or 30 ohms, a 
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total of 205 ohms. To maintain a current of t%% 
amperes through 205 ohms (Rule 2), an E. M. F. is 
required equal to i% X 205 volts or Glj/z volts. 



Divided, Branched or Shunt Circuits. 

A single conductor, from one terminal erf a gener- 
ator may be divided into one or more branches 
which may reunite before reaching the other ter- 
minal. Such branches may vary widely in resist- 
ance. 

Rule 8. In dlTlded circatts, eacli brancli passes a 
portion of a current Inversely proportional to its re' 
sistance. 

Examples. 

A portion of a circuit consists of two conductors, 
A and B, in parallel of A = 50, and B = 75 ohms, 
respectively; what will be the ratio of the currents 
passing through the circuit, which will go through 
each conductor? 

Solution: The ratio will be current through A : 
current through B : : 75 : 50, which may be ex- 
pressed fractionally, ^ : ^. 

Where more than two resistances are in parallel, 
the fractional method is most easily applied. 

Three conductors of A = 25, B = 50, and C = 75 
ohms are in parallel. What will be the ratio of cur- 
rents passing through each one? 

Solution: Fractionally A:B:C :: -h : -^ : ^. 
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Rule 9. To determine llie amount of a glTen cur- 
rent that ivill pass tbroasi:b parallel circuits of dilTer- 
ent resistances, proceed as folio ^irs : Take the resist^ 
ance of each branch for a denominator of a fraction 
having 1 for Its numerator. In other urords, for each 
branch nrrfte d<yiirn the reciprocal of its resistance* 
Then reduce the fractions to a common denominator, 
and add together the numerators. Taking this sum 
of the numerators for a neir common denominator, 
and the original single numerators as numerators, 
the neur fractions w^lll express the proportional cur- 
rents as fractions of one. If the total amperage is 
given, It Is to be multiplied by the fractions to give 
the amperes passed by each branch. The solution can 
also be done in decimals. 



Examples. 

A lead of wire divides into three branches; No. 
1 has a resistance of 10,000 ohms. No. 2 of 39 ohms, 
and No. 3 of i ohm. They unite at one point. 
What proportion of a nnitary current will pass each 
branch? 

Solution: The proportion of currents passed are 
as Tjfhn : A : ^ or 3. Eeducing to a common de- 
nominator, these become tMits : iWWiy : VsWoV. The 
proportions of the numerators is the one sought for; 
taking the sum of the numerators as a common de- 
nominator, we have in common fractions the follow- 
ing proportions of any current passed by the three 
branches. No. 1, nM^r, No. 2, rimh; No. 3, 

117Q00Q 

Four parallel members of a circuit have resistances 
respectively of 25, 85, 90, and 175 ohms; express 
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decimally the ratio of a unitary current that will 
pass through them. 

Solution: The ratio is as -h : is : is : jh, or reduc 
ing to decimals (best by logarithms), .04 : .011765 : 
.011111 : .0057. Adding these together, we have 
.068576, which must be niultiplied by 14.582 to pro- 
duce unity. Multiplying each decimal by 14.58 
(best by logarithms), we get the unitary ratio as 
.5832 : .17153 : .1620 : .08310, whose sum is 1.0000. 

Unless logarithms are used, it is far better to work 
by vulgar f ractions^ 

A current of .71 amperes passes through two 
branches of a circuit. One is a lamp with its con- 
nections of 115 ohms resistance; another is a resist- 
ance coil of 275 ohms resistance. What current 
passes through each branch ? 

Solution: The proportions of the current are as 
xir : ^ or reduced to a common denominator and to 
their lowest terms rfk : ^ih. Proceeding as before, 
and taking the sum of the numerators (55 + 23 = 
78), as a common denominator, we find that the lamp 
passes H, and the resistance coil H of the whole 
current. Multiplying the whole current, .71 by H, 
we get iUi amperes, or i ampere for the lamp, leaving 
.21 or a little over i ampere for the resistance coil. 

Another problem in connection with parallel 
branches of a circuit is the combined resistance of 
parallel circuits. This is not a case of summa- 
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tion, for it is evident that the more parallel paths 
there are provided for the current, the less will be 
the resistance. 

Rule 10. In sliaiit circuits, tlie resistance of tbe com- 
bined sbunts Is expressed by tbe reciprocal of tbe sum 
of tbe reciprocals of tbe resistances. 

Example. 

Two leads of a 50 volt circuit (leads differing in 
potential by 50 volts), are connected by a 20 ohm 
motor. A 50 ohm lamp and 1000 ohm resistance 
coil are connected in parallel or shunt circuit there- 
with, what is the combined resistance? and the total 
current? 

Solution: The reciprocal of resistance is conduc- 
tance, sometimes expressed as mhos. (Rule 19.) 
The conductance of the three shunts is equal to 
A + ^^ + vhjs mhos = tMit + tih + ttJW = rifc 
mhos. The reciprocal of conductance is resistance. 
The combined resistance is therefore H^ ohms = 
14.09 ohms. The current is ^ or 3.5 amperes. 

Rule 11, Tbe combined resistance of two parallel 
circuits Is found by multiplying tbe resistances to- 
setber, and dividing tbe product by tbe sum of tbe re- 
sistances. l¥bere/bere are several circuits, any two 
can be treated tbus, and tbe result combined In tbe 
same Mray ivltb anotber circuity and so on to get tbe 
final resistance. — ''^''^ 

Example. 
Four conductors in parallel have resistances of 
100 — 50 — 27 — 19 ohms. What is their combined 
resistance? 
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Solution: Combining the first and second, we 
have 1^^^ = 33i ohms. Combining this with the 
resistance of the third wire, we have ^|^^ = 14.9 
ohms. Combining this with the resistance of the 
fourth wire, we have i||-^ = 8.3 ohms. The 
result is, of course, identical by whatever rule 
obtained. 

Rale 12. l¥hen all tbe parallel circuits are of nul- 
form resistance, as In multiple arc Incandescent light- 
ing, tbe resistance of tbe combined circuits Is found by 
dividing tbe resistance of one circuit by tbe number of 
elrcults. ^ r 

Examples. 

There are fifty lamps of 100 ohms resistance each 
in multiple arc connection. What is their com- 
bined resistance? 

Solution: Yi? = 2 ohms. 

A motor can take 3 amperes of currents at 
30 volts safely without burning out or. heating 
injuriously. A 110 volt incandescent circuit is at 
hand. The motor is to be connected across the 
leads so as to receive the above amperage. A shunt 
or branch of some resistance is carried around it, 
and a resistance coil intervenes between the united 
branches and one of the main leads. The resistance 
of the coil is 20 ohms. What should the resistance 
of the shunt be? 



24 



ABITHMETIC OF ELECTRICITY. 



t V»^ 






/'M 












TB" 



Solution: The resistance of the motor (Ohm's 
Law, Kule 3), is found by dividing the E. M. P. by 
the resistance — 30 -*- 3 = 10 ohms. By Kule 5 the 
resistance of the coil in series (20 ohms) must be to 
the combined (not added) resistance of the motor 
and shunt coil, as 110 — 30 (total voltage minus 
voltage for motor) : 30 (voltage for motor) or 20 : 
a: :: 80 : 30 . •. a; = 7.5 combined resistance of parallel 
or shunt coil and motor. The reciprocal of 7.5 
(conductance, Eule 19), may be expressed as Mths of 
the combined (in this case added) conductances of 
shunt coil and motor. The conductance of the 
motor is equal to the reciprocal of 10 which may be 
expressed as A or as -fi^. The conductance of the 
shunt coil must therefore be H? "~ ?% = t^ = A 
mho. The reciprocal of this gives the resistance of 
the shunt coil which is 30 ohms. The total current 
going through the system by Ohm's law is Tpjiao ~ ^ 
amperes. The resistance of the shunt coil— 30 ohms 
— is to that of the motor in parallel with it— 10 
ohms — as the current received by the motor is to 



OHM'S LAW. 25 

that received by the coil, a ratio of 30 : 10 or 3:1 
giving 3 amperes for the motor and 1 ampere for 
the coil. This is a proof of the correctness of 
operations. 

Two conductors through which a current is 
passing are in parallel circuit with each other. 
One has a resistance of 600 ohms. The other has a 
resistance of 3 ohms. A wire is carried across from 
an intermediate point of one to a corresponding 
point of the other. It is attached at such a point of 
the first wire that there are 400 ohms resistance be- 
fore it and 200 after it. Where must it be connected 
to the other in order that no current may pass? 

Solution: The E. M. F. up to the point of con- 
nection of the bridge or cross wire is to the total 
E. M. F. in the 600 ohm wire as 400: 600 or as 2: 3. 
The other wire which by the conditions has the 
same drop of potential in its full length must be 
divided therefore in this ratio. The bridge wire 
must therefore connect at 2 ohms from its begin- 
ning, leaving 1 ohm to follow. The principle here 
illustrated can be proved generally and is the Wheat- 
stone Bridge principle. 
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CHAPTER III. 
resistaiq^oe and conductaitce. 

Resistance of Different Conductors of the 
SAME Material. 

Conductors are generally circular in section. 
Hence they vary in section with the square of their 
diameters. The rule for the resistance of conduc- 
tors is as follows: 

Rnle 13. Tbe resistance of condnctors of Identical 
material irarles Inversely as tlieir section^ or If of circu- 
lar section Inversely as tbe squares of their diameters, 
and directly as tbelr lengths. 

Example. 

1. A wire a, is 30 tnils in diameter and 320 feet 
long; another J, is 28 mils in diameter and 315 feet 
long. What are their relative resistances? 

Solution: Calling the resistances R* : R** we would 
have the inverse proportion if they were of equal 
lengths R^ : R* :: 30^ : 28^ or as 900 : 784. Were 
they of equal diameter the direct proportion would 
hold for their lengths: R^ : R* :: 315 : 320. Com- 
bining the two by multiplication we have the com- 
pound proportion R^ : R* :: 900 X 315 : 784 X 320 or 
as 283,500 ; 250,880, or as 28 : 25 nearly. The 
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combined proportions could have been originally 
expressed as a compound proportion thus: B** : B* :: 
30^ X 315 : 28^ X 320. 

For wires of equal resistance the following is 
given. 

Rnle 14. Tlie length of one nrlre maltlpUed by the 
square of the diameter of tlie other ivlre innst equal the 
square of Its ourn diameter multiplied by the leng^th of 
the other If their resistances are equal. Or multiply the 
length of the first nrlre by the square of the diameter of 
the second. This divided by the length of the second 
iirlll glTc the square of the diameter of the first iirlre; 
or dlTlded by the square of the diameter of the first nrlll 
glirc the length of the second. Id'' — I'd' 

Examples. 

1. There are three wires, a is 2 mils, S is 3 mils, 
and c is 4 mils in diameter; what length must b 
and c have to be equal in resistance to ten feet of af 

Solution: Take a and c first and apply the rule, 
10 X 4' -5-2' = 40 feet; then take a and S 10 X 
3* -*- 2^ = 22j^ feet. To prove it compare a and c 
directly by the same rule 22j^ X 4^ -^ 3^ = 40. 
As this gives the same result as the first operation, 
we may regard it as proved. 

A conductor is 75 mils in diameter and 79 feet 
long; how thick must a wire 1264 feet long be to 
equal it in resistance? 

Solution: 75^ X 1264 - 79 = 7,110,000 -«- 79 = 
90,000. The square root of this amount is 300 which 
is the required diameter. 
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For problems involving the comparison of wires of 
unequal resistance the rule may be thus stated: 

Rule 15. ]?lultlply the square of tlie diameter of eacli 
nrlre by tlie leng^th of the other. Of the turo products 
divide the one by the other to net the ratio of resist- 
ance of the dividend to that of the divisor talLen at 
unity. The term including: ^e length of a g:i ven ivire 
is the one expressing the relative resistance of such 
vrire. 

Examples. 

A wire is 40 mils in diameter^ 3 miles long and 
40 ohms resistance. A second wire is 50 mils in 
diameter and 9 miles long. What is its resistance? 

Solution: 9 X 40^ = 14,400 relative resistance of 
the first wire. 3 X 50^= 7,500 relative resistance 
of second wire. 14,400 -^ 7,500 = 1.92 — ratio of 
resistance of second wire to that of first taken at 
unity. But the latter resistance really is 40 ohms. 
Therefore the resistance of the second wire is 40 X 
1.92 = 76.80 ohms. 

The result may also be worked out thus: 
40^ X 9 = 14,400 = relative resistance of the 3 mile 
wire. 
50^ X 3 = 7500 = relative resistance of the 9 mile 

wire. 

14,400 -^ 7500 = 1.92 = ratio of 9 mile (dividend) 
to 3 mile (divisor) wire. 

.-. 40 ohms X 1.92 = 76.8 ohms. 

A length of a thousand feet of wire 95 mils in 
diameter has 1.15 ohms resistance; what is the di- 
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ameter of a wire of the same material of whicli the 
resistance of 1000 feet is 10.09 ohms? (R. E. Day, 
M. A.). 

Solution: 10.09 -^ 1.15 = 8.77 ratio of resistances. 
If we divide 1000 by 8. 77 we obtain a length of the 
first wire which reduces the question to one of iden- 
tical resistances. 1000 -*- 877 = 114 feet. Then 
applying Rule 14, 114 X 95^ -f- 1000 = 1037.88. 
This is the square of the diameter of the other wire. 
Its square root gives the answer: 32.2 mils. 

Specific Resistance. 

Specific resistance is the resistance of a cube of 
one centimeter diameter of the substance in ques- 
tion between opposite sides. It is expressed in 
ohms for solutions and in microhms for metals. 
From it may be determined the resistance of all 
volumes, generally prisms or cylinders, of substance. 
Very full tables of Specific Resistance are given in 
their place. 

Rule 16. Tl&e resistance of any prism or cylinder of a 
substance Is equal to Its specific resistance multiplied 
by Its length In centimeters and divided by Its cross- 
sectional area In square centimeters. If tbe dimensions 
are gliren In lucbes or otber units of measurements 
tbey must be reduced to centimeters by tbe table. 

R — Sp. R X I 
a 

Examples. 

An electro-plater has a bath of sulphate of copper, 

sp. resistance 40 ohms. His electrodes are each 1 
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foot square and 1 foot apart. What is tlie resist- 
ance of such a bath ? 

Solution : By the table 1 square foot = 929 sq. cent, 
and 1 foot = 30.4797 cent. .-. Resistance = 40 X 
30.4797 -*- 929 = 1.31 ohms. 

Where the electrodes in a solution are of uneven 
size take their average size per area. The facing 
areas are usually the only ones calculated, as owing 
to polarization the rear faces are of slight efficiency, 
and where the electrodes are nearly as wide as the 
bath or cell the active prism is practically of cross- 
sectional area equal to the area of one side of a plate. 

In a Bunsen battery the specific resistances of the 
solutions in inner and outer cells were made alike, 
each equalling 9 ohms. The central element was a 
J4 inch cylinder of electric light carbon. The outer 
element was a plate of zinc 6 inches long bent into a 
circle. When there were 2 inches of solution in the 
coll what was the resistance? 

Solution : Area of carbon = J X 2 = 3.14 square 
inches. Area of zinc = 2 X 6 = 12 square inches. 
This gives an average facing area of (12 + 3.14) -«- 
2 = 7.57 square inches = 48.38 sq. cent. The 
distance apart = J^ inches (nearly) = 1.9049 cent. 
.-. Resistance = 9 X 1.9049 - 48.38 = .354 ohms. 

For wires, the specific resistance of metals being 
^iven in microhms, the calculation may be made in 
microhms, or in ohms directly. As wire is cylindri- 
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cal a special calculation may be made in its case to 
reduce area of cross section to diameter. This may 
readily be taken from the table of wire factors, thus 
avoiding all calculation. 

Rale 17. Tlie resistance In microhms of a nrlre of giiren 
diameter In centimeters Is equal to tlie product of the 
specific resistance by 1.2737 by the length In centi- 
meters dlirlded by the square of the diameter In cen- 
timeters. 

_ Sp. Reg. X t.2737 x I 
R — 5a 

Examples. 

The Sp. Ees. of coppeo* being taken at 1.652 mi- 
crohms what is the resistance of a meter and a half 
of copper wire 1 millimeter thick? 

Solution: The diameter of the wire (1 millimeter) 
is .1 centimeter. The square of .1 is .01. The 
length of the wire (1 J^ meter) is 150 centimeters. 
Its resistance therefore is 1.652 X 1.2737 X 150 ■*- 
.01 = 31,561 microhms or. 031,561 ohms. 

UiriVERSAL Rule for RESiSTAiq-CES. 

Into the problem of resistances of one or two wires 
eight factors can enter, these are the lengths, sec- 
tional areas, specific resistances and absolute resist- 
ances of two wires. Their relation may be ex- 
pressed by an algebraic equation, which by transposi- 
tion may be made to fit any case. The rule is 
arithmetically expressed by adopting the method of 
cancellation, drawing a vertical line and placing on 
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tho left side, factors to be multiplied together for 
u divirtor, and on tlie right side factors to be multi- 
plied together for a dividend. In the expression of 
the rule as below the quotient is 1, in other words 
the ])rodu(;t of all the factors on the left hand of 
the line is e(]ual to that of all the factors on the 
right hand. Calling one wire a and the other J we 
have the following expression: 



JloHirttance of /> 
Specific Resistance of a 
Length of a 
Cross-sectional area of b 



Resistance of a 
Sj^ccific Resistance of J 
Length of h 
Cross-sectional area of a 



Ifiile 18. NnbuUtiitelii theaboire exprenslon tbe Talnes 
of any factorN Klven. SubntUiite for factors not giiren 
orroqulrcd tbe fiffure lor unity. SncU a TaJiie deter- 
mined by dlvlNlon must be {(iTen to tbe required factor 
and substituted In Its place as ivlll make tbe product 
of tbe lelY-band factors equal to tbat of tberlffbt-band 
factors. Only one factor can be determined) and all 
factors not iplven B-re assumed to be respectlTcly equal 
for botb conductors. 

Examples. 

If the resistance of 500 feet of a certain wire is 
.09 ohms what is the resistance of 1050 feet of the 
same wire? 

xSolution: The cross sectional areas and specific 
resistance not being given are taken as equal. (This 
of course follows from the identical wire being re- 
ferred to.) The vertical line is drawn and tho 
values substituted : 



BESISTANCE AND CONDUCTANCE. 33 

Resista7ices : Resistance of .09 

required wire 
Lengths : 500 1050 

(Other factors omitted as unnecessary.) 
1050 X .09 -^ 500 = .189 ohms. 

What is the diameter of a wire 2 miles long of 
23 ohms resistance, if a mile of wire of similar ma- 
terial of seventy mils diameter has a resistance of 
10.82 ohms? 

Solution. We use for simplicity the square of the 
diameter in place of the cross sectional area of the 
known wire, thus: 



Resistances : 


23 


10.82 


Lengths : 


1 


2 


Areas : 


Unknown 


70* 



As the specific resistances are identical they are 
not given. 

2 X 70* X 10.82 H- 23 X 1 = 4610 squjare of diameter 
required : 4610^ = 68 mils. 

What must be the length of an iron wire of-oross- 
sectional area 4 square millimeters to have the same 
resistance as a wire of pure copper 1000 yards long, 
of cross-sectional area 1 square millimeter, taking 
the conductance of iron as | that of copper? (Day).. 

Solution: 
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Specific Resistances : 1 

Lengths : 1000 

Cross-sectio}ud areas : 4 



7 (i.e. the reciprocal of 

conductance) 
Unknown 
1 



As the resistances are identical they are not 
given. 

Solving we have 1000 X 4 ■*- 7 = 571f yards. 

There are two conductors, one of 35 ohms resist- 
ance, 1728 feet long and 12 square millimetres cross- 
sectional area and specific resistance 7: the other of 
14 ohms resistance, 432 feet long and 8 square milli- 
metres cross-sectional area. What is its specific 
resistance? 



Resistances : 35 

Specific Resistances 
Unhnoivn 
Lengths : 432 

Cross- Sectional areas : 12 



14 

7 

1728 

8 



By cancellation this reduces tol4X8-*-5X3 = 
7.4 Specific Resistance. 

In these cases it is well to call one wire a and the 
other h, and to arrange the given factors in two 
columns headed by these designations. Then the 
formula can be applied with less chance of error. 
Thus for the last two problems the columns should 
be thus arranged. 
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a b 

Area, 4 sq. mil. 1 
L. Unknown 1000 yards 
Sp. Ees. 7 1 



a h 

Resist. 35 ohms 14 ohms. 
L. 1728 feet 432 feet 
Area, 12 sq. mils 8 sq mils. 
Sp. Res. 7 required. 



From such statements of known data the formula 
can be conveniently filled up. 

Resistance of Wires Referred to Weight. 

The weight of equal lengths of wire is in propor- 
tion to their sections. The problems involving 
weight therefore can be reduced to the Rules al- 
ready given. 

Problem. A wire. A, is 334 feet long and weighs 25 
oz.; another, B, is 20 feet long and weighs 1 oz. 
what are the relative resistances? 

Solution: 20 feet of the wire ^^ A^' weigh -ih X 
25 = 1.50 oz. The weights of equal lengths of A 
and B respectively areas 1.50 : 1.00 which is also 
the inverse ratio of the resistances of equal lengths. 
By compound proportion Rule we have R. of " A " 
: R. of "B" :: 1 X 334 :: 1.50 X 20; reducing to 
16.7 : 1.5 or 11.1 : 1.0 or the wire *^ A " has about 
eleven times the resistance of the wire " B." 

Solution: By general Rule for resistance (Rule 
18). Taking 1.50 : 1.00 as the ratio of cross-sec- 
tional areas and taking the resistance of the long 
wire A as 1 we have : 
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Resistances : 1 

Lengths : 20 

Cross-sectional area : 1. 50 



Unknown 

334 

1 



Resistance of B = 1.50 X 20 -s- 334 = .0899 or 
about ii as before. 

COITDUCTANCE. 

Conductance is the reciprocal of resistance and is 
sometimes ^expressed in units called mhos, which 
is derived from the word ohm written backwards. 

Rale 19. To reduce resistance In obnis to conductance 
In mlios express Its reciprocal and tlie reverse* 

Examples. 
A wire has a resistance of t'ft ohms, what is its 
conductance? 
Solution: 126 -^ 18 = 7 mtos. 

Reduce a conductance. of lif to ohms. 
Solution: IH = M ^ihos which gives ii ohms. 

It is evident that the- data for problems or that 
constants could be given in mhos instead of ohms. 
In some ways it is to be regretted that the positive 
quality of conductance was not adopted at the out- 
set instead of the negative quality of resistance. 
One or two illustrations may be given in the form of 
examples involving conductance. 

Express Ohm's law in its three first forms in 
conductance. 



RESISTANCE AND CONDUCTANCE. 37 

Solution: This is done by replacing the factor 
*^ resistance '' by its reciprocal. Thus, Rule 1 
reads for conductance: " The current is equal to 
the electromotive force multiplied by the conduc- 
tance" (C = EK)— Rule 2 as '^The electromotive 

force is equal to the current divided by the conduc- 

C 
tance " (E = — ) — Rule 3 as " The conductance is 

K 

equal to the current divided by the electromotive 

C 
force." (K = — ) 

E 

A circuit has a resistance of .5 ohm and an E. M. 
F. of 50 volts; determine the current, using con- 
ductance method. 

Solution: The conductance = .-f = 2 mhos. The 
current = 50 X 2 = 100 amperes. 

In a circuit a current of 20 amperes is main- 
tained through 2f ohms. Determine the E. M. F. 
using conductance. 

Solution: The conductance = ^ = H mhos. 

E. M. F = 20 -^ tt = 52 volts. 

Assume a current of 30 amperes and an E. M. 

F. of 50 volts, what is the conductance and resis- 
tance? 

Solution: Conductance = 30 -»- 60 = .6 mho. 
Resistalice^ 1 -^ .6 = 1.667. 



CHAPTER IV. 

potential diffebencb. 

Drop of Potential in Leads and Size of 
Same for Multiple Arc Connections. 

Subsidiary leads are leads taken from large sized 
mains of constant E. M. F. or from terminals 
of constant E. M. F. to supply one or more lamps, 
motors, or other appliances. A constant voltage is 
maintained in the mains or terminals. There is a 
drop of potential in the leads so that the appliances 
always have to work at a diminished E. M. F. The 
E. M. F. of the leads is known, the requisite 
E. M. F. and resistance of the appliance is known, 
a rule is required to calculate the size of the wire to 
secure the proper results. It is based on the princi- 
ple that the drop or fall in potential in portions of 
integral circuits varies with the resistance. (See 
Ohm's law). A rule is required for a single appli- 
ance or for several connected in parallel. 

Rnle 20, The resistance of tlie leads supplying: any ap- 
pliance or appliances for a desired drop in potential 
vi^itliln tlie leads Is equal to tlie reciprocal of the cur- 
rent of the appliances multiplied by the desired drop 
In volts. 
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Example. 

A lamp, 100 volts X 200 ohms, is placed 100 feet 
from the mains, in which mains a constant E. M. F. 
of 110 volts is maintained. What must be the resist- 
ance of the line per foot of its length; and -what 
size copper wire must be used? 

Solution: The lamp current is obtained (Ohm^s 
law) by dividing its voltage by its resistance, (iU = 
J ampere). The reciprocal of the current is f ; mul- 
tiplied by the drop (f X 10 = 20) it gives the resist- 
ance of the line as 20 ohms. As the lamp is 100 
feet from the mains there are 200 feet of the wire. 
Its resistance per foot is therefore ^i^ = iti ohm or 
it is No. 30 A. W. G. (about). 

For several appliances in parallel on two leads a 
similar rule may be applied. There is inevitably a 
variation in E. M. F. supplied to the different appli- 
ances unless resistances are intercalated between the 
appliances and the leads. 

Rule 21. Tlie E. in. F. of tlie main leads or terminals 
tlie lectors of the lamps or otiier appliances, their num- 
ber and the distance of their point of connection are 
gliren. The combined resistance Is found by Rules 8 to 
12. Then by Rule 20 the resistance of the leads Is cal- 
culated. 

Example. 

A pair of house leads includes 260 feet of wire, 
or 130 in each lead. Six 50 volt 100 ohm lamps are 
connected thereto at the ends. The drop is to be 5 
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volts, giving 55 volts in the main leads. Eequired the 
total resistance of and size of wire for the house leads. 
Solution: The resistance of six 100 ohm lamps in 
parallel is 100 -*- 6 = 16.66 ohms. The current re- 
quired is hy Ohm^s law 50 -^ 16.66 or 3 amperes. 
Its reciprocal multiplied by the drop, (J X 5 = i = 
1^ ohms) gives the required resistance = Ifi ohms. 
This, divided by 260 feet gives the resistance per 
foot as .0064 ohm, corresponding by the table to 
No. 18 A. W. G. 

A rule for the above cases is sometimes expressed 
otherwise, being based on the proportion: Eesist- 
ance of appliances is to resistance of leads as 100 
mimes the drop expressed as a percentage is to the 
drop expressed as a percentage. This gives the fol- 
lowing: 

Rule 22. Tlie reslstauce of tlie leads Is equal to tlie 
comblued resistance of tlie appliances multiplied by 
tlie percentage of drop and illirlded bjr 100 minus tlie 
percentage of drop. 

Problem. Take the data of last problem and 
solve. 

Solution: The percentage of drop is A = 9%, The 
resistance of the leads = ^^-^ x ^ = ^^-^ = 1^ ohms 

100 — 9 91 ^ 

about. 

Note. — To obtain .accur.ate results the fibres of percen- 
tage, etc., must be carried out to two or more decimal 
places. Rules 20 and 21 are to be preferred to any percen- 
tage rule. Also see Rule 23. 
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Where groups of lamps are to be connected along 
a pair of leads but at considerable intervals, the 
succeeding sections of leads have to be of diminish- 
ing size. The same problem arises in calculating 
the sizes of street leads. The identical rule is ap- 
plied, care being taken to express correctly the ex- 
act current going through each section of the lead. 
The calculation is begun at the outer end of the 
leads. A diagram is very convenient; it may be 
conventional as shown below. 

Examples. 

At three points on a pair of mains three groups of 
fifty 220 ohm lamps in parallel are connected; a 
total drop of 5 volts is to be divided among the 
three groups, thus: 1.6 volts — 1.6 volts — 1.8 volts. 
The initial E. M. F. is 115 volts; what must be the 
resistances of the three sections of wire? 

Solution: The following diagram gives the data 

as detailed above: 

1. 2. 3. 

S9.Zmif^ JiiZai>Yu. ^JZf.Z4u>t^. 

Starting at group 3 we have 50 lamps in parallel 
each of 220 ohms resistance, giving a combined re- 
sistance (Rule 12) of 4.4 ohms and a total current 
(Ohm's law) of 110 -^ 4.4 = 25 amperes. The re- 
sistance of section 2 — 3 is by the present rule ^ X 
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1.8 = .072 ohms. Taking group 2 the current 
through this group of lamps is 111.8 -*- 4.4 = 25.41 
amperes. The section 1 — 2 has to pass also the cur- 
rent 25 amperes for group 3 giving a total current 
of 25 + 25.41 = 50.41 amperes. The resistance of 
section 1 — 2 is therefore gQ^jj X 1.6 = .0317 ohm. 
Taking group 1 the current for its lamps is 113.4 -*- 
4.4 = 25.7 amperes. The total current through 

section 0—1 is therefore 25 + 25.4 + 25.7= 76.1 

amperes. The resistance of the section is ^ X 1.6 
= .021 ohms. Arranging all these data upon a 
diagram we have the full presentation of the calcu- 
lation in brief as below: 



^ 
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CHAPTER V. 

CIBCULAB MILS. 

A MIL is TiAnF of an inch. The area of a circle, 
one mil in diameter, is termed a circular mil. The 
area of the cross-section of wires is often expressed in 
circular mils. Thus a wire, 3 mils in diameter, has 
an area of 9 circular mils, as shown in the cut. A 




circular mil is .7854 square mil. Eules for the sizes 
of wires for given resistances are often based on cir- 
cular mils, and include a constant for the conduc- 
tivity of copper. By the table of specific resistances, 
the values found can be reduced to wires of iron or 
other metals. 
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A commercial copper wire, one foot long, and one 
circular mil in section, has a resistance of 10.79 
ohms at 75° F. This is, of course, largely an as- 
sumption, but is taken as representing a good aver- 
age. No two samples of wire are exactly alike, and 
many vary largely. From Eule 13, and from the 
above constant, we derive the following rules: 

Rule 23. The resistance of a commercial copper nrlre 
Is equal to Its lenfftli divided by the cross-section In clr* 
cular mils, and multiplied by 10.79* 

Example. 

A wire is 1050 feet long, and has a cross-section 
of 8234 circular mils. What is its resistance? 
Solution: 1050 X 10.79 -^ 8234 = 1.37 ohms. 

Rule 24* The cross-section of a nrlre In circular mils 
Is equal to Its length divided by Its resistance^ and mul- 
tiplied by 10.79. 

Example. 

A wire is 1050 feet long, and has a resistance of 
.68795 ohms. What is its cross-section in circular 
mils? 

Solution: 1050 X 10.79 -^ .68795 = 16,468 circu- 
lar mils. 

Rule 25. The cross-section of the nrlres of a pair of 
leads In circular mils for a g^lven drop expressed In per- 
centa8:e Im equal to the product of the leng:th of leads by 
the number of lamps (In parallel), by 21.589 by the dif- 
ference between 100 and the drop, the nrhole divided 
by the resistance of a single lamp multiplied by the 
drop. _ In X 21.58 X (lOO-e) 

^ "~ er 
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Example. 

Fifty lamps are to be i^laced at the end of a double 
lead 150 feet long (= 300 feet of wire). The resist- 
ance of a liamp is 220 ohms. What size must the 
wire be for 6% drop? 

Solution: 150 X 50 X 21.58 X (100 — 5) -^ (220 X 
5) = 13,977.9 circular mils. 

In these calculations and in the calculations given 
on page 48 it is important to bear in mind that the 
percentage is based upon the difference of potential 
at the beginning of the leads or portion thereof 
under consideration; in other words upon the high- 
est difference of potential within the system or the 
portion of the system treated in the calculation. 



CHAPTER VI. 
special systems. 

Three Wire System. 

As there are three wires in the three wire system, 
where there are two in the ordinary system, and as 
each of the three wires is one quarter the size of 
each of the two ordinary system wires, the copper 
used in the three wire system is three-eighths of 
that used in the ordinary system. 

In the three wire system the lamps are arranged 
in sets of two in series. Hence but one-half the 
current is required. The outer wires, it will be no- 
ticed, have double the potential of the lamps. 
Hence to carry one-half the current with double the 
E. M. F., a wire of one quarter the size used in the 
ordinary system suffices. 

Rule 26* Tlie calcnlattons for plain mnlttple arc 
urork apply to the three iirlre system, as regards size of 
each of the three leads. If divided by 4. 

While the central or neutral wire will have noth- 
ing to do when an even number of lamps are burning 
on each side, and may never be worked to its full 
capacity, there is always a chance of its having to 
carry a full current to supply half the lamps (all on 
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one side). Hence it is made equal in size to the 
others. 

Altern^ating Current System. 

- The rules already given apply in practice to this 
system also, although theoretically Ohm^s law 
and those deduced from it are not correct for this 
current. A calculation has to he made to allow for 
the conversion from primary to secondary current 
in the converter as below. 

Note. — ^The ratio of primary E. M. F. to secondary is ex- 
pressed by dividing the primary by the secondary, and is 
termed ratio of conversion. Thus in a 1000 volt system with 
60 volt lamps in parallel the ratio of conversion is 1000 -?- 50 

= 20. 

Rule 27. Tlie current In the primary Is equal to tlie 
current In the secondary divided by tlie ratio of conTcr- 
siou. 

Examples. 

On an alternating current circuit whose ratio of 
conversion = 20, there are 4000 lamps, each 50 volt; 
50 ohms. When all are lighted what is the primary 
cuiTent? 

Solution : By Ohm's law the secondary current is 
1000 X 1 (each lamp using |^ = 1 ampere, Ohm's 
law) = 1000 amperes. 1000 -*■ 20 = 50 amperes is 
the primary current. 

The current heing thus determined the ordinary 
rules all apply exactly as given for direct current 
work. 
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Given G50 lamps, 50 volt 50 ampere each, 3600 
feet from the station. The primary circnit pressure 
is 1031 volts. A dro]) of 3% is to be allowed for in 
the primary leads. What is the resistance of the 
primary wire? 

Solution: Current of a single lamp = 50 -*■ 50 = 1 
ampere; current of 650 lamps = 650 amperes, cur- 
rent of primary 650 -*- 20 = 32i amperes, drop of 
primary = 1031 X S% = 30.9 volts, resistance of pri- 
mary (Rule 20) 1 X 30.9 = .9516 ohm. 

Rule 28. For obtalnlns; tlie size of tlie primary ^wlre 
In circular mils, calculate by Rule 25) and illirlde tlie 
result by tlie square ot'tlie ratio of couTerslon. 

Example. . 

Take data of last problem and solve. 
Solution: [3600 X 650 X 21.58 X (100—3) -«- (50 X 
3)] -^ 202 = 81,637 circular mils. 

The two last examples may be made to prove each 
other, thus: ^ 

The total length of leads is 3600 X 2 == 7200 feet. 
If of 1 mil thickness its resistance would be 7200 X 
10.79 = 77,688 ohms. As resistance varies inversely 
as the cross sectional area we have the proportion 

.9516 : 77,688 :: 1 : x which gives x = 81,639 cir- 
cular mils corresponding within limits to the result 
obtained by Eule 28. 

In all cases of this sort where percentage is ex- 
pressed the statement in the last paragraph on page 
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45 should be kept in mind. The ratio of conversion 
must be based on the E. M. F. at the coil (in this 
case on 1031 — 31 = 1000 volts) not on the E. M. F. 
at the beginning of the leads or portion thereof con- 
sidered in the calculation. The percentage of drop 
must be subtracted before the ratio of conversion is 
calculated. 

For winding the converters, the following is the 
rule : 

Rule 29. The couToluttous of the primary are equal 
In number to the product of the conirolutlons of the sec- 
ondary multiplied by the ratio of conTerslon, and Tlce 
Tersa* 

Examples. 

The ratio of conversion of a coil is 20; there are 
1000 convolutions of the secondary. How many 
should there be of the primary? 

Solution: 1000 X 20 = 20,000 convolutions. 

There are in a coil 5000 convolutions of the pri- 
mary; its ratio of conversion is 50. How many con- 
volutions should the secondary have? 

Solution: 5000 -5- 50 = 100 convolutions. 



CHAPTER VII. 
work and energy. 

Energy and Heating Effect of the Current. 

It has been shown experimentally by Joule that 
the total quantity of heat developed in a circuit is 
equal to the square of the current multiplied by the 
resistance. This is equal, by Ohm^s law, to the 
square of the E. M. F. divided by the resistance, 
which again reduces to the E. M. F. multiplied by 
the current. Each of these expressions has its own 
application, and they may be given as three rules. 

Rule 30. Tlie energfjr or heat developed in clrcuttB is 
III proportion to the square oftlie <iurrent multiplied by 
the resistance. 

Examples. 

An electric lamp has a resistance of 50 ohms; it is 
connected to a street main by leads of 2i ohms re- 
sistance. What proportion of heat is wasted in the 
house circuit? 

Solution: The current being the same for all parts 
of the circuit, the heat developed is in proportion to 
the resistance, or as 2i : 50 equal to 1 : 20. The 
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heat developed in the wire is wasted, therefore the 
waste is A of the total heat developed. 

The internal resistance of a battery is equal to 
that of 3 meters of a particular wire. Compare the 
quantities of heat produced both inside and outside 
the battery when its poles are connected with one 
meter of this wire with the quantities produced in 
the same time when they are connected by 37 meters 
of the same wire. (Day.) 

Solution: The relative currents produced in the 
two cases are found (Ohm^s law) by dividing the 
E. M. F. of the battery (a constant quantity = E) 
by the relative resistance. As the battery counts 
for the resistance of 3 meters of wire, the relative 
resistances are as 4 : 40. Were the same current de- 
veloped in both cases these figures would give the 
desired ratio. But as the current varies it has to be 
taken into account. To determine the relative bat- 
tery heat only, we may neglect resistance of the bat- 
tery, as it is a constant for both cases, the battery 
remaining identical. By Ohm's law the currents 
are in the ratio of J : ^ and their squares are in pro- 
portion to f^ : .j^ = 100 : 1. By the rule this is 
the proportion of the heats developed in the battery 
alone, with the short wire 100, with the long wire 
1. For the heating effects on the outside circuit, 
as resistance and current both vary, the full for- 
mula of the rule must be applied. The ratio of the 
heat in the short wire connection ^;0 that in the long 
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wire connection is as (f)' X 1 : (/^)« X 37 = 100 X 1 : 
37 X 1. The ratio therefore is as 100 is to 37 for 
the total heat produced in the circuit which includes 
battery and connections. 

Owing to irregular working of a dynamo, an in- 
candescent lamp receives sometimes the full amount 
or i ampere of current; at other times as little as H 
ampere. What proportion of heat is developed in it 
in both cases, assuming its resistance to remain 
sensibly the same? 

Solution: By the rule the ratio is (i) : (H) or i: 
i^ = 2025 : 400. The diminution of current there- 
fore cuts down the heat to \ the proper amount. 

Rule 31. The energy or heat developed In a circuit Is 

in proportion to the square of the electromotlTe force 

dlTtded bjr the resistance. -^ 

H = - 
B 

Examples. 

There are two Grove batteries, each developing 
1.98 volts E. M. F. One has an internal resistance 
of A ohm; the other of J ohm. They are placed in 
succession on a circuit of 2 ohms resistance. What 
is the ratio of heats developed by the batteries in 
each case? 

Solution: As the E. M. F. is constant it may be 
taken as unity. Then lor the two cases we have 
2A * 2i "^ ^i • ^A as the ratio of heat produced. 

A battery of one ohm resistance and two volts E. 
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M. F. is put in circuit with 4 ohms resistance. 
Another battery of 4 ohms and 1 volt is connected 
through 1 ohm resistance. What ratio of heat is 
developed in each case? 

Solution: ?^^ : L|l or 4 : 1. 

Rule 32. Tlie energy or lieat developed In a circuit Is 
In proportion to tlie £. HI. F. multiplied by the current. 

H = EO 

Examples. 

Take data of last problem and solve. 

Solution: For first battery, by Ohm^s law, current = 
§ ampere; for the second, current = i ampere. The 
heat developed, is by the present rule, in the propor- 
tion asfX2:iXlor4:l. 

Compare the heat developed in a 100 volt 200 ohm 
lamp and in a 35 volt 35 ohm lamp and in a 50 volt 
50 ohm lamp. 

Solution : The currents (Ohm's law) are : Jtt,|| and 
a in amperes = i, 1, and 1 amperes. The heats devel- 
oped are, by the rule, in the ratio 100 X i : 35 X 1 
and 50 X 1 or50:35 :50. 

The same problem can be done directly by Eule 
31, thus: The three lamps develop heat in the 
ratio i**' : M' : if = 50 : 35 : 50. This is the direct 
and preferable method of calculation. 

Note, — For " heat," " rate of energy," or " rate of work " 
can be read in tliese rules. 
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The Joule or Guam-Calorie. 

The last rules and problems only touch upon the 
relative proportio7is of heat; they do not give any 
actual quantity. If we can express in units of the 
same class a standard quantity of heat^ then by deter- 
mining the relation of the standard to any other 
quantity, we arrive at a real quantity. Such a stan- 
dard is the joule, sometimes called the "calorie" or 
**. gram-calorie." A joule is the quantity of heat 
required to raise the temperature of 1 gram of 
water 1 degree centigrade. It is often expressed 
as a water-gram-degree C. or w. g. d. 0. or for 
shortness g. d. C, from the initials of the factors. 
It is unfortunate that it is called the calorie 
as the name is common to the water-kilogram- 
degree C. or kg.d. C. The joule is equal to 4.16 
X 10^ or 41,600,000 ergs. 

It will be remembered that practical electric units 
are based on multiples of the C. G. S. units of which 
the erg is one. The joule comes in the C. G. S. 
order. - Therefore to determine quantities of heat 
the following is a general rule when the practical 
electric units are used. 

Rule 33. Obtain tlie expression of rate of lieat deirel- 
oped) or of rate of energy, or of rate of urork In irolt 
amperes. Reduce to C. C S. units (ergs) by multiply- 
ing: by 10^ and divide by tlie value of a Joule In ergs 
(4.16 X 10^). Tbe quotient Is Joules or urater-gram de« 

srees €• per second. 

Q _ E X C X 10^ 

^ ~ 4.16 X 10'" 
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Example. 

A current of 20 amperes is flowing through a wire. 
What heat is developed in a section of the wire 
whose ends diifer in potential by 110 volts? 

Solution: The rate of energy in watts or volt- 
amperes = 110 X 20 = 2200. In the C. G. S. units 
this is expressed by (110 X 10«) X (20 X 10-^) = 2200 
X 10'' ergs, per second; . •. quantity of heat = 2200 X 
10'' -f- 4.16 X 10^ = 528.8 joules or gram-degrees- 
centigrade per second. 

• As 10^ -*■ 10^ = 1 the rule can be more simply 
stated thus: 

Rule 34. Tbe quantity of beat produced per second 
In a circuit by a current Is equal to tbe product of tbe 

watts by j-j^ or by .24. 

Q = 0.24 CE. or 0.24^'' 

Examples. 

A difference of potential of 5.5 volts is main- 
tained at the terminals of a wire of A ohm resist- 
ance. How many joules per second are developed? 

Solution: By Ohm^s law, current = 5.5 -^ A = 55 
amperes. By the rule 55 x 5.5 X 0.24 = 72.6 
joules per second. 

Note, — The energy of a current is given by Rules 30, 31 
and 32 in watts, so that all cases are provided for by a com- 
bination of one or the other of these rules with Rule 34. 
An example will be given for each case. 
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A current of .8 ampere is sent through 50 lamps 
in series, each of 137j^ ohms resistance. What 
heat does it develop per second ? 

Answer: The resistance = 137^ X 50. By rules 
30 and 34 we have, rate of heat produced = .8^ X 
137J4 X 50 = 4400 watts. 4400 X 0.24 = 1056 
joules per second. 

Rules 31 and 34. Fifty incandescent lamps, 110 
volt, 137>^ ohms, each are placed in parallel. 
What heat per second do they develop? 

Solution: By Ohm^s law total resistance = 137 J^ 
•*- 50 = 2.75 ohms. By rules 31 and 34 rate of heat 
produced = 110^ -*- 2.75 = 4400 watts and 4400 X 
0.24 = 1056 joules per second as before. 

Rules 32 and 34. TJirough 50 incandescent 110 
volt lamps a current of .8 ampere is passed, the 
lamps being in series. What heat per second do 
they develop? 

Solution: By rules 32 and 34 rate of heat = 110 X 
50 X .8 = 4400 watts and 1056 joules per second as 
before. 

These three examples are purposely made to refer 
to the same set of lamps, to show that rules 30, 31, 
and 32 are identical. Each fifcs one of the three 
forms of statement of data. They also are designed 
to bring out the fact that the unit ^^ watts,'' being 
based partly on amperes, includes the idea of rate, 
not of absolute quantity. Hence watts ^^per sec- 
ond " is not stated, as it would be meaningless or 
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redundant, while the joule, denoting an absolute 
quantity, has to be stated *'per second'^ to indicate 
the rate. There is such a unit as an ^Sampere- 
second," viz., the ** coulomb," but there is no such 
thing as an '^ ampere per second," or if used it 
means the same as an ^^ ampere per hour," ** ampere 
per day" or ** ampere." The same applies to watts 
and to power units such as ^^horse-power." 

Specific Heat. 

The specific heat of a substance is the ratio of its 
capacity for heat to that of an equal quantity of 
water. It almost invariably is referred to equal 
weights. Here it will be treated only in that con- 
nection. 

The coefficient of specific heat of any substance is 
the factor by which the specific heat of water (= 1 or 
unity) being multiplied the specific heat of the sub- 
stance is produced. 

Rule 35. Tlie ureigbt of any snbfltance corresponding 
to any number of joules multiplied by Its specific beat 
fflvcs tbe corresponding urelgbt of urater, and vice versa. 

Example. 

A current of .75 amperes is sent for 5 minutes 
through a column of mercury whose resistance was 
0.47 ohm. The quantity of mercury was 20.25 
grams, and its specific heat 0.0332. Find the rise 
of temperature, assuming that no heat escapes by 
radiation. (Day,) 
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Solution: By Rules 30 and 34, we find rate of heat 
= .75^ X .47 = .264375 watts; .204375 X .24 = 
.06345 joules per second. The current is to last for 
300 seconds .-. total joules = .06345 X 300 = 19.035 
joules. This must be divided by the specific heat 
of mercury to get the corresponding weight of mer- 
cury; 19.035 -5- .0332 = 573 gram degrees of mercury. 
Dividing this by the weight of mercury, 20.25 grams, 

we have 573 -*- 20.25 = 28° 0. 

1 

Rule 36. By radiation and conTectlony 400'0 Joule 
about Is lost by any uupoUslied substance In tbe air for 
eacb square centimeter of surface, and for eacli degree 
that it Is heated above the atmosphere* 

EXAMPLB. 

A conductor of resistance, 8 ohms, has a current 
of 10 amperes passing through it. It is 1 centi- 
meter in circumference, and 100 meters long. How 
hot will it get in the air? 

Solution: By Rule 30, etc., the heat developed per 
second in joules is 10^ X 8 -4- 4.16 = 192.3 joules. The 
surface of the conductor in centimeters is 10,000 X 
1 = 10,000 sq. cent. It therefore develops heat at 
the rate of 192.3 X 10-^ = .01923 joules per second 
per square centimeter of surface. When the loss by 
radiation and convection is equal to this, it will re- 
main constant in temperature. Therefore .01923 
-*" 4T5W = 76.92, the number of degrees C. above the 
air to which the conductor could be heated by such 
a current. 
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Results of this character are only approximate, 
as the coefficient, 50W, is not at all accurate. 

Rule 37. Tlie cube of the diameter in centimeters of 
a ^vlre of any ^Iven material that nrlll attain a sliren 
temperature centigrade under a given current is equal 
to the product ot'the square of the current in amperes x 
Sp. Resistance in microhms of the substance of the 
wire, multiplied by .0003 til, and divided by tlie tem- 
perature in degrees centigrade. 

H 8 - ^ X ^P* ^^' X '000891 
** " . to 

Examples. 

A lead safety catch is to be made for a current of 
7.2 amperes. Its melting point is 335° C, and its 
specific resistance 19.85 microhms per cubic centi- 
meter. What should its diameter be? (Bay.) 

Solution: By the rule, the cube of the diameter = 
7.2^ X 19.85 X .00039 ^ 335 = .001198. The cube 
root of this gives the diameter in centimeters. It is 
.10582 or .106 CO. 

A copper wire is to act as safety catch for 500 am- 
peres: melting point 1050° C— Sp. Resistance 1.652 
microhms. What should its diameter be? (Day.) 

^ , ,. -, , ^ ,. . SOpa X 1.652 X .000391 _ 

Solution: Cube of diameter = j^ 

?^ = .1523. The cube root of this is .5341 centi- 
meter, the thickness of the wire sought for. 

It will be observed that in this rule no attention 
is paid to the length of the wire, as the effect of a 
earrent in melting a wire has no reference to its 
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length. The time of fusion will vary with the spe- 
cific heat, but will, of course, be only momentary. 

Work of a Cueeent. 

Rule 38. The urork of a current in a glTen elrenU Is 
proportional to tlie volt amperes. W = EC 

Example. 

A current A of 3.5 amperes with difference of 
potential in the circuit of 20 volts is to be com- 
pared to B, a 3 ampere current with a difference of 
potential of 1000 volts in the circuit; what is the 
ratio of work produced in a unit of time? 

Solution: Work of A : work of B :: 3.5 X 20: 
3 X 1000 or as 70 : 3000 or as 1 : 428 A. 

Rule 39. The irork of a current In a given circuit Is 
equal to the vol t- coulombs divided by the acceleration 
of gravitation (9.81 meters). This gives the result In 
kilogram-meters. (7.23 footpounds.) -— . E. C.t 

^~ 9.81 

Example. 

A current of 20 amperes is maintained in a circuit 
by an E. M. F. of 20 volts. What worlc does it do 
in one minute and a half (90 sec.)? 

Solution : Work = 20 x 20 x 90 sec -h 9.81 = 3670 
kgmts. and 3670 X 7.23 == 26,534 foot pounds. 

Note, — This is easily reduced to horse-power. 26,534 foot 
pounds in 90 sec. = 17,688 foot pounds in 1 min. 1 H. P. 
-88,000 foot pounds per min. .'. JJMS = -536 H. P. of 
above current and circuit. The same result can be ob- 
tained by Rule 41 thus; ^ = .536 H. P. 
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Rule 40* To determine iirork done by a current In a 
giiren circuit apply Rules 3O9 31 or SliS an tiie case re- 
quires. Ti&ese g^iire directly tlie iiratts. JTIultlply by sec- 
onds and divide by 9*8 1« Tlte result is Itilosrani-me- 
ters. 

Examples. 

10 amperes are maintained for 55 sec. through 15 
ohms. What is the work done? 

Solution : By rule 32, watts = 10'' x 15 = 1500. 
Work = 1500 X 55 - 9.81 = 8409 kgmts. 

1000 volts are maintained between terminals of a 
lead of 20 ohms resistance. Calculate the work 
done per hour. 

Solution: By Rule 32 watts = 1000^ -^ 20 = 50,000. 
One hour = 3600 sec. Work = 50,000 X 3600 -^ 9.81 
= 18,348,623 kgmts. 

tm 

These rules give the basis for determining the ex- 
pense of , maintaining a current. The expense of 
maintaining a horse-power or other unit of power or 
work being known the cost of electric power is at 
once calculable. 

Electrical Horse-Power. 

Power is the rate of doing work or of expending 
energy. In an electric circuit one horse-power is 
equal to such a product of the current in amperes, 
by the E. M. F. in volts as will be equal to 746. 

Rule 41. Tlie electric liorse poirer is found by multi- 
pijin^ tike total amperes of current by tbe volts or E. Tfl, 
F. of a circuit or given part of one and diiriding by 746. 

HP -^ 
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Example. 

250 incandescent lamps are in parallel or on mul- 
tiple arc circuit. Each one is rated at 110 volts 
and 220 ohms. What electric H. P. is expended on 
their lighting? 

Solution: The resistance of all the lamps in par- 
allel is equal to Hi ohm. The current is equal to 
110-i-m = 125 amperes. H. P. = 125 X 110 -»- 746 
= 18A H. P. or 13A lamps to the electrical H. P. 

As it is a matter of indifference as regards absorp- 
tion of energy how the lamps are arranged, a simpler 
rule is the following, where horse-power required for 
a number of lamps or other identical appliances is 
required. 

Rale 42. multiply tosetber tbe voltage and amperage 
of a single lamp or appliance ; multiply the product l>y 
tite number of lamps or appliances and divide by 746* 

Example. 

Take data of last problem and solve it. 

Solution: Current of a single lamp = iH = }4 am- 
pere. H. P. = 110 X j^ X 250 -H 746 = 18 A H. P. 

When the voltage and amperage are not given 
directly, the missing one can always be calculated 
by Ohm's law and the above rules can then be ap- 
plied. The same can be done by applying following: 

Rule 43. To determine tbe electrical borse-poiver 
apply Rules 30, 3 1, or 32; these give directly tbe watts; 
multiplying tbe result by ,^^ or dividing: by 746 gives 
tbe borse-poiver. *^^ 
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Examples. 

A current of 10 amperes is maintained through 50 
ohms resistance. What is the electrical horse- 
power? 

Solution: By rules 30 and 43 we have watts = 
10" X 50 = 5000 and electrical horse-power = 5000 
-^ Y46 or 6.7 H. P. 

An electromotive force of 1500 volts is maintained 
in a circuit of 200 ohms resistance. What is the 
electrical horse-power? 

Solution: By Rules 31 and 43 we have watts = 
1500" -^ 200 = 11,250. Electrical horse-power = 
11,250 -^ 746 or 15 H. P. (nearly). 

Thus the volt-amperes or watts are units of rate 
of heat energy "or of rate of mechanical energy. 
The ratio of joules per second to a horse-power is 
746: 4.16 or 179.3 joules per second = 1 H. P. 
Other ratios of power and heat units will be found 
in the tables. 

Duty akd Efficie^stcy of Electric Generators. 

Rule 44. Tbe duty of an electric generator Is tbe quo- 
tient obtained by dlTidlnj^ tbe total electric energy by 
tbe mecbanlcal energy expended In turning tbe arma- 
ture. 



-. _ e. H. P. (total) 
m. H. P. 



Examples. 



A dynamo is driven by the expenditure of 58 
H. P. Its internal resistance is 10.7 ohm. The 



64 ARITHMETIC OF ELECTRICITY. 

resistance of the outer circuit is 150 ohms and it 
maintains a current of 16 amperes. What is its 
duty? 

Solution: The total electrical H. P. is found by 
Rules 30 and 43 to be 10^ X 160.7 - 746 = 55.1 
H. P. Duty = 55.1 -*- 58.0 = 95^. 

The result must always be less than unity; if it 
exceeded unity it would prove that there had been 
an error in some of the determinations. 

Rule 45. The commercial efficiency of a generator Is 
tbe quotient obtained by dividing tbe electric energy In 
the outer circuit by the mechanical energy expended In 
turning the armature. 

_ _«, e. H. P» (outer circui t) 
^- ■^^- - m. H. P. 

Examples. 

What is the commercial efficiency of the dynamo 
just cited? 

Solution: The electrical H. P. of the outer circuit 
is found by the same rules to be 16^ X 150 -f-746 = 
61.5 commercial efficiency = 51.5 -*- 58.0 = 88.8^. 

Rule 46. The resistance of the outer circuit Is to the 
total resistance, as the commercial efficiency Is to the 
duty. 

Examples. 

Take the case of the generator last given and 
from its duty calculate the commercial efficiency. 

Solution: 150 : 160.7 ::x: 95.0.-. x = 88.8 or 
88.8^. 



CHAPTER VIII. 
batteries. 

Gbkeral Calculations op Current. 

A BATTERY is rated by the resistance and electro- 
motive force of a single cell, which factors are 
termed the cell constants. In the case of storage 
batteries, whose susceptibility to polarization is very 
Blight, the resistance is often assumed to be neglible. 
It is not so, and in practice is always knowingly or 
otherwise allowed for. 

From the cell constants its energy-constant may 
be calculated by Rale 31, as equal to the square of 
its electro-motive force divided by its resistance. 
This expresses its energy in watts through a circuit 
of no resistance. 

There are two resistances ordinarily to be consid- 
ered, the resistance of the battery which is desig- 
nated by R or by n R if the number of cells is to be 
implied and the resistance of the external circuit 
which is designated by r. 

Rule 47. Tlie current gtTen by a battery Is equal to 
Its electro-motlTe force dl Tided by tbe sum of tbe exter- 
nal and internal resiK.tauces* 

n — ^ 
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Six cells in paralleL 




Six cells in series. 




Six oeUs— two in parallel, three in series. 




Six cells— three in parallel, two in series. 



Abbanoebient of Battery Cells. 
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Example. 

A battery of 50 cells arranged to give 75 volts 
E. M. F. with an internal resistance of 100 ohms 
sends a current through a conductor of 122 ohms 
resistance. What is the strength of the current? 

Solution: Current = 75 -*- (100 + 122) = .338 
ampere. This rule has already been alluded to 
under Ohm's law (page 14). 

Arrangement of Cells in Battery. 

In practise the cells of a battery are arranged in 
one of three ways, a: All may be in series; h: all 
may be in parallel; c: some may be in series and some 
in parallel, so as to represent a rectangle, s cells in 
series by p cells in parallel, the total number of cells 
being equal to the product of s and p. 

Other arrangements are possible. Thus the cells 
may represent a triangle, beginning with one cell, 
followed by two in parallel and these by three in 
parallel and so on. This and similar types of arrange- 
ment are very unusual and little or nothing is to be 
gained by them. 

Rale 48. Tbe electromotive force of a battery Is 
equal to the E. ]TI. F. of a slusle cell multiplied by tbe 
number of cells in series. 

Rule 49. Tbe resistance of a battery Is equal to the 
number of Its cells In series, multiplied by the resist* 
ance of a single cell and divided by the number of iti 

cells In parallel. 

^ battery s B 



08 A niTIIMETIC OF ELECTRICITY. 

EXAMPLKS. 

A battery of 50 gravity cells 1 volt, 3 ohms each 
is arranged 10 iu parallel and 5 in series. What is 
its resistance and electromotive force? 

Solution: Resistance =5 X3-*- 10= 1.5 ohms. 
E. M. F. = 5 X 1 = 5 volts. 

The same battery is arranged all in parallel; what 
is its resistance and E. M. F. ? 
Solution: TJiis gives one cell in series. 

Resistance = 1 X 3 ■*- 50 = .06 ohms. 

E. M. F. =1X1 = 1 volt. 

The same battery is arranged all in series; what is 
its resistance? 
Solution: This gives one cell in parallel. 
Resistance = ^^^ = 150 ohms. 

E. M. F. = 50 X 1 = 50 volts. 

The current given by a battery is obtained from 
these rules and from Ohm^s law. 

Example. 

150 cells of a battery (cell constants 1.9 volts, 
i ohm) are arranged 10 in series and 15 in parallel. 
They are connected to a circuit of 1.7 ohms resist- 
ance. What is the current? 

Solution: The resistance of the battery = ^^^ = 
.333 ohms. The E. M. F. = 10 X 1.9 = 19 volts. 
Current = 19 -s- (.333 + 1.7) = 9.34 amperes. 
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Cells Required for a Given Current. 

To calculate the cells required to produce a given 
current through a given resistance and the arrange- 
ment of the cells proceed as follows. 

Rule 50. Calculate tlie cell current tiironeli zero exter- 
nal resistance* Case A. If It Is twice as great or more 
ttaant-wlceas great as the current required apply Rule 

51. Case B. If less than turlce as great and more than 
equal or less than equal and more than one half as 
great as the current required aud so on apply Rule 

52. CaseC, Ift2ie cell current Is equal to or is a unit- 
ary fraction (1, 1, 1, etc.) of the current required apply 
Rule 53. 4 5 8 

Rule 51* Case A* IHTide the required difference of po- 
tential of the outer circuit by the voltage of a single cell 
diminished by the product of tlie jrequlred current mul- 
fipll:>d by the resistance of a single cell. Arrange the 
cells in series. 

Examples. 

Five lamps in parallel, each of 100 volts 200 ohms, 
are to be supplied by a battery whose cell constants 
are 2 volts i ohm. How many cells and what 
arrangement are required? 

Solution: Cell current = | = 10 amperes. The 
resistance of the five lamps in parallel (Rule 12) = 
2|o == 4Q ohmg^ The required current therefore = 
W = 2i amperes. As 10 exceeds 21 X 2 (Rule 50) it 
falls under case A. By Rule 51 the number of cells 

is 2^ (^xT) "" ^r ^ ^^'^ ^^ ^^ cells, as a cell cannot 
be divided. The cells must be in series. 
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Proof: The E. M. F. of the 67 cells in series 
= 67 X 2 = 134 volts; their resistance = 67 X j = 
13.4 ohms. The resistance of the lamps in par- 
allel is 40 ohms, llence by Ohm's law the cur- 

184 

rent = ^ . ^g^ = 2.51 amperes, the current required. 

The same lamps are placed in series. Calculate 
the cells of the same battery required. Cell current 
■= 10 amperes. Current required = ^^^ or \ am- 
pere. As 10 exceeds i X 2 (Rule 50) it falls again 

under case A, By Rule 51 cells required = ^ _^^ , . 
-=203. 

Proof: Current = - ^ J^^oqq = i ampere the current 
required. 62G is the number of cells multiplied by 
the voltage of one cell; 52. G is the number of cells 
multiplied by the resistance in ohms of a single cell; 
1000 is the resistance of a single lamp, 200 ohms, 
multiplied by the number, 5, of lamps in series. 

Whonover the arrangement and number of cells of 
a battery has been calculated the calculation should 
bo proved as above. 

Rule 52. Case B. Group two or more cells In parallel 
so as to obtain by calculation trowa them throusli no ex- 
ternal ronlntance a current tivice as ffreat or more than 
twice an Kreat as the required current. Then treatinc; 
the ffroup as if it was a Minffle cell apply Hule 51 to de- 
termine the number of Kronps In series. 

EXAMri.K. 

Assume the same himps in parallel, requiring the 
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current already calculated of 2i amperes. Assume 
a battery of constants 1 volt .25 ohm, giving a 
cell current of 4 amperes. This is less than :i^ X 2 
and more than 2i X 1; therefore it falls under Case 

B. 

Solution: A group of two cells in parallel gives 
,-^-s = 8 amperes. 8 exceeds 2i X 2 . •. applying Rule 
49 we have number of groups = 100 ^ [1 — m X 
.125)] = 146 gi'oups in series. Total number of cells 
= 2 in parallel, 146 in beries = 292 cells. 

Proof: Current = 146 h- (40 + 18.25) = 2.5 am- 
peres. 

Rule 53. Case €• Place as many cells In series as ^vlll 
gHwe ti^ce tlie required Toltage. Place as many cells in 
parallel as will giwe a resistance equal to tliat of tlie 
external circuit. 

Example. 

Assume the same lamps in parallel. Assume a 
battery of cell constants, 1 volt, 4 ohms. The lamp 
current is 2i amperes. The cell current is J ampere. 
The cell current therefore equals (i -^ 2i) A of the 
required current. This falls under Case C. and is 
solved by Rule 53. 

Solution: Voltage required 100. By the rule 
cells in series = 100 X 2 = 200. These have a re- 
sistance of 800 ohms. To reduce. this to the resist- 
ance of the outer circuit, viz., 40 ohms, 800 -^ 40 
= 20 cells must be placed in parallel. Total cells = 
20 X 200 = 4000 cells. 
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Proof: Current = 200 -^ (40 + 40) = 2.5. 

Hule 54. All cases coming under Case C. may be sim- 
ply Molved for tlie total number of cells by dlTtdine t^^ 
external energy by tlie cell energy and multiplying by 4» 
Xl&is gives tbe number of celis* 

Example. 

Take as cell constants . 75 volt 1 1 ohm giving \ am- 
pere. Assume 20 lamps, each 50 volts, 50 ohms and 
1 ampere. As i ^ 1 is a unitary fraction (J) Case 
C. applies. 

{Solution: Cell energy = 1 X .75 = .375 watts. Ex- 
ternal energy = 50 x 1 X 20 = 1000 watts. (1000 -•- 
.375; X 4 = i{)fi(jij cells. 

Solution by Rule 53: Voltage required taking 
lamps in series ~ 20 x 50 = 1000. To give twice 
this voltage requires 2000 -«- .75 = 2667 cells in 
series whose resistance is 2667 X 1.5 = 4000 ohms. 
' To reduce this to 1000 ohms we need 4 such series 
of cells in parallel giving 10,668 cells. 

Proof: Current = ^t^f^^^ ij^iooo = ^ ampere. 

Slight discrepancies will be noticed in the current 
strength given by different calculations. This is 
unavoidable as a coll cannot be fractioned or di- 
vided. 

Efficikxcy of Battkiues. 

Rule «>o . The efficiency of « battery Is expressed by dl- 
▼Idlns the renlAtaiireof the external elrenlt by the total 
resistance of tho clrt-iilt. 

Efficiency = -^t-z 
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Example. 

A battery consists of 67 cells in series of constants 
2 volts i ohm. It supplies 5 lamps in parallel, each 
100 volts 200 ohms constants. What is its effi- 
ciency? 

Solution: The resistance of the battery is 67 X | 
~ 13.4 ohms. The resistance of the lamps is (Kule 
12) H^ = 40 ohms. Therefore the efficiency of the 
battery is 40.0 h- (40 + 13.4) = .749 or 74.9^. 

Rule 66. To calculate tlie number of battery cells and 
their arrangement for a given efficiency : Express tbe 
efficiency as a decimal, multiply tlie resistance of tbe 
external circuit by the complement of the efficiency 
(1— efficiency) and divide the product by the efficiency; 
this siTes the resistance of the battery. Add the tivo 
resistances and multiply their sum by the current to be 
maintained for the K. M. F. of the battery. Arrange the 
cells accordingly as near as possible to these require- 
ments. 

Examples. 

Five lamps, each 100 volts 200 ohms in parallel 
are to be supplied by a battery of cell constants 2 
volts '.4 ohm. The efficiency of the battery is to be 
as nearly as possible 75^. Calculate the number of 
cells and their arrangement. 

Solution: The constants of the external circuit are 
40 ohms (Rule 12) and 100 volts. Applying the 
rule we have [40 X (I— .75)] - .75 - ^S"- - l.SJ 
ohms, the resistance of the battery. By Inn's law 
the E. M. F. of the battery = (40 + 13i) X 2.5 - 
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133i volts. These constants, 13i ohms and 133i 
volts, require 67 cells in series and 2 in parallel. 

Proof: a. Of efficiency, by Rule 55, ^^^^^ = .75 
or 75ji^. b. Of number of cells and of their arrange- 
ment 67 X 2 = 134 volts; (67 X .4)-*- 2 = 13.4 
ohms; 134 ■+■ (13.4 + 40) = 2.5 amperes. 

Rule 57* llTliere a fractional or mixed number of cells 
in parallel are called for to produce a slven efficiency, 
take a group of tlie next i&lsUest integral number of 
cells in parallel and proceed as in Role 51* 

EXAMPLB. 

Assume a current of 3i amperes to be supplicfd 
through a resistance of 30 ohms, absorbing 100 
volts E. M. P. Let the cell constants of a battery 
to supply this circuit be 2 volts, i ohm. Calculate 
the cells and their arrangement for 80 per cent, 
efficiency. 

Solution: By Eule 56 efficiency = .80 and 
^ ^ so"'^^ ~ '^^ ohms, which is the required resist- 
ance of the battery; 7i+ 30 = 37i ohms are the total 
resistance of the circuit. By Ohm's law, 37i X 3i = 
125 volts, the required E. Mi F. of the battery. 
This requires 63 cells in series, with a resistance for 
one series of 63 X J = lOi ohms. To reduce this to 
7j ohms ^^ = 1.4 cells in parallel are required. As 
this is a mixed number we take the next highest in- 
tegral number and place 2 colls in parallel. The 
constants of this group of 2 cells are 2 volts, A 
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ohm. Applying Rule 51 we have for the number of 
such groups in series; 2-(iil<^ a) ~ ^^ groups in series. 
As there are 2 cells in parallel the total cells are 116, 
of resistance, 58 X t^j = 4.83 ohms, and of E. M. F., 
58 X 2 = 116 volts. 
Proof: Of efficiency by Eule 55, 3^)^4g3 = 86.1^. 

Of number and arrangement of cells go^^j^ = 3.33 
amperes. 

It is to be observed that the efficiency thus 
obtained is far from what is required. In most 
cases accuracy can only be attained by arranging 
the battery irregularly, which is unusual in prac- 
tice. An example will be found in a later chapter. 

Chemistry of Batteries. 

One coulomb of electricity will set free .010384 
milligrams of hyd rogen. The corresponding weights 
of other elements or compounds are found by multi- 
plying this factor by the chemical equivalent, and 
dividing by the valency of the element or metal of 
the base of the compound in question. 

An element or other substance in entering into 
any chemical combination develops more or less 
heat, always the same for the same weight and com- 
bination. The atomic weight of an element or the 
molecular weight of a compound divided by the val- 
ency of the element or metal of its base gives the 
original chemical equivalent. 
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The quantities of heat evolved by the combination 
of quantities of substances expressed by their original 
chemical equivalents multiplied by one gram are 
termed the thermo-electric equivalents of the ele- 
ments or substances in question. In the tables it is 
expressed in kilogram degrees C. of water (kilogram- 
calories). 

From the thermo-electric equivalent of a combi- 
nation we find the volts evolved by it or absorbed by 
the reciprocal action of decomposition. 

Rule 58. The Tolts evolTed by any cliemieal com- 
bination or required for any cbemlcal decomposition 
are equal to tlie thermo-electric equivalent in kilo- 
gram-calories multiplied by .043. 

E = .043 X H« 

Examples. 

What number of volts is required to decompose 
water ? 

Solution: From the table we find that the com- 
bination of one gram of hydrogen with eight grams 
of oxygen liberates 34.5 calories. Then 34.5 X 
.043 = 1.48 volts. 

Rule 59. To determine the iroltase of a salTanlc 
ef»uple subtract the kilogram calories corresponding to 
decompositions in the cell from those corresponding to 
combinatlonNin the cell for cflToctivc energy and multi- 
ply by .043 for volts. 

EXAMPI.KS. 

Calculate the voltage of the Smee couple. 
Solution: In this battery zinc combines with 
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oxygen, giving out 43.2 calories and combines witli 
sulpliurio acid, giving 11.7 more calories; a total of 
54.9 calories. An equivalent amount of water is at 
the same time decomposed acting as counter-energy 
of 34.5 calories. The effective energy is 54.9 — 
34.5 = 20.4 calories. The voltage = 20.4 X .043 = 
.877 volts. 

Calculate the voltage of the sulphate of copper 
battery. 

Solution: Here we have combination of zinc with 
sulphuric acid as above 54.9 calories; decomposition 
of copper sulphate 19.2 + 9.2 = 28.4 .-. 54.9 — 28.4 
= 2G.5 calories effective energy 2G.5 X .034 = 1.14 
volts. 

It will be noticed that these results are approxi- 
mate. Some combinations are omitted in them as 
either of unknown energy, or of little importance. 

Work of Batteries. 

The rate of work of a battery is proportional to 
the current multiplied by the electro-motive force. 
The work is distributed between the battery and the 
external circuit in the ratio of their resistances as by 
Rule 55. The horse-power, and heating power are 
calculated by Eules 30-43, care being taken to dis- 
tribute the energy acording to the resistance by 
the following rule: 

Rule 60. Tlie oflTectlTO rate of ivork or tbe rate of 
irork in tlie external circuit of a battery, is equal to tlie 
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total rate multiplied by the efficiency of the battery ex- 
pressed decimally. 

Example. 

25 cells of 2 volt 1 ohm battery are arranged in 
series on an external circuit of 250 ohms resistance. 
What work do they do in that circuit? 

Solution: The current (Ohm's law) = j^p^ = n 
1.818 amperes. Total rate of work =^ 1.818 X 50 
volts = 90.9 watts. Efficiency of battery = M = 90 
per cent, (nearly). Effective rate of work = 1.818 X 
50 X .90 = 81.81 watts. 

Chemicals Co]n^sumed in a Battery. 

Rule 61. The chemicals consumed in srams by a bat- 
tery for one kilogram-meter (7.23 foot lbs.) ofiv^ork ara 
found by multiplying tbe combining equivalent of tlia 
cbemlcal by tbe number of equivalents in the reaction 
by tlie constant .000101867 and dividlns by tbe pro- 
duct of tbe £• me* F* by tlie valency of tbe element io 

question* 

^ _ Equiv. X n X .000101867 

E X valency 

Examples. 

What is the consumption of zinc and sulphate of 
copper per kilogram-meter of work in a DanieFs 
battery? 

Solution: Take the E. M. P. as 1.07 volt. The 
equivalent of zinc, a dyad, is 65 and one atom en- 
ters into the reaction. The zinc consumed, there- 

fore = "x\^y««" = .00309 gram. 
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The equivalent of copper sulphate, is 159.4. One 
equivalent enters into the reaction carrying with it 
one atom of the dyad metal copper. The weight 

consumed therefore = ''''' l^.'l,'^'''''' = .0076 

grams. Add 66.46^ for water of crystallization. 

All these quantities are for one kilogram-meter of 
work (7.23 foot lbs.) which may be more or less 
effective according to circumstances as developed in 
Eules 44, 45, and 60. 

Decompositiok of Compoukds by the Battery. 

In cases where a compound has to be decomposed 
by a battery two resistances may be opposed to the 
work. One is the ohmic resistance of the solution, 
which is calculated by Rule 16. The other is the 
electromotive force required to decompose the solu- 
tion. This is best treated as a counter-electromotive 
force. Then from the known data the current rate 
is calculated, and from the electro-chemical equiva- 
lents the quantity of any element deposited by a 
given number of coulombs is determined. 

Rule 62. To calculate the metal or otber element lib- 
erated by a gliren current per glTcn time proceed *a» fol- 
lo'mrs: Calculate the resistance. Determine the counter- 
electromotlTC force of the solution by Rule 58 and sub- 
tract It f^omthe E.M. F. of the battery or ncenerator. 
Apply Ohm's laiv to the elTectiire voltage thus deter- 
mliled and to the calculated resistances to find the cur- 
rent. Multiply the electro-chemical equlTalent of tho 
element by the coulombs or ampere-seconds. 
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Example. 

A Imth of sulphate of copper is of specific resis- 
tmioo 4 ohms. The electrodes are supposed to be 
tO.(MU) 8((. roiitimeters in area and 5 centimeters 
H|mrt. Two lar^^e Biiiisen elements in series of 
l.l> volt8 ,Vi ohms each are used. What weight 
in uiilli^rninis of copper will be deposited per 
hour? 

Solution: Bv Rule 16 the resistance of the sola- 

tion is "^JJ-j^^ = 0.023. The electro-chemical equiva- 

lont of c()])per is .00033 grams. The thermo-electric 
equivalent for copper from sulphate of copper 
is 10.2 + 9.2 = 28.4 calories. The E. M. F. 
corresponding thereto = 28.4 X .043 = 1.22 yolts 
counter E. M. F. The E. M. F. of the bat- 
tery - 1.9 X 2 = 3.8 volts, giving an effective E. M. 
K. of 3.8 — 1.22 = 2.58 volts. The resistance of the 
battery ^ .12 X 2 = .24 ohms. The current = 

^jTmws ' 9.8 amperes. This gives per hour 9.8 X 
3,f)0() =^ 35,280 coulombs, and for copper deposited 
.00033 X 35,280 = 11.64 grams. 

In many cases one electrode is made of the mater- 
ial to be deposited and being connected to the car- 
hon end of the battery or generator is dissolved as 
fast as the metal is deposited. In such case there 
is no counter electro-motive force to be allowed 
for. 
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Example. 

Take the last case and assume one electrode (the 
anode) to be of copper and to dissolve. Calculate 
the deposit. 

Solution: Current = 3.8-*- (.24 + .023) = 14.4 
amperes = 51,840 coulombs per hour = .00033 X 
51,840 = 17.10 grams of copper. 



CHAPTER 
electro-magnets, dylfamos and motors. 

The Magnetic Field and Lines of Force. 

A CURRENT of electricity radiates electro-magnetic 
wave systems, and establishes what is known as a 
field of force. The field is more or less active or in- 
tense according to the force establishing it. The 
intensity of a field is for convenience expressed in 
LINES OF FORCE. These are the units of magnetic 
intensity, often called units of magnetic flux, and 
the line as a unit is comparable to the ampere X 10, 
which is the C. G. S. unit of current. A line of 
force is that quantity of magnetic flux which passes 
through every square centimeter of normal cross- 
section of a magnetic field of unit intensity. The 
line is at right angles to the plane of normal cross- 
section of such field. Such intensity of field exists 
at the center of curvature of an arc of a circle of ra- 
dius 1 centimeter, and whose length is 1 centimeter, 
when a current of 10 amperes passes through this 
arc. Practically it is the amount which passes 
through an area of one square centimeter, situated 
in the center of a circle 10 centimeters in diameter. 
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surrounded by a wire through which a current of 
7.9578 amperes is passing. The plane of the circle 
is a cross-sectional plane of the field; a line perpen- 
dicular to such plane gives the direction of the lines 
of force, or of the magnetic flux. 

This cross-sectional area is often spoken of as the 
field of force. As a field exists wherever there are 
lines of force, there are in each magnetic circuit 
either an infinite number of fields of force, or a 
field of force is a volume and not an area. 

The number of lines of force or of magnetic flux 
per unit cross-sectional area of the magnetic cir- 
cuit, i. e. per unit area of magnetic field, expresses 
the intensity of the field. In soft iron, it may run as 
high as 20,000 or more lines per square centimeter 
of cross-section of the iron which is magnetized. 

Just as we might speak of a bar of copper acting 
as conductor for 20,000 C. Gr. S. units of current, or 
2000 amperes, so we may speak of the iron core of a 
magnet carrying 20,000 lines of force. 

Permean^ce A]n^d Reluctance. 

This action of centralizing in its own material 
lines of force is analogous to ** conductance." It is 
termed permea]N^ce. Its reciprocal is termed 
RELUCTANCE, which is precisely analagous to 
"resistance." Iron, nickel, and cobalt possess high 
permeance; the permeance of air is taken as unity. 
At a low degree of magnetization, soft iron pos- 
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sesses 10,000 times the permeance of air. At high 
degrees of magnetization, it possesses much less in 
comparison with air, whose permeance is unchanged 
under all conditions. 

There is no substance of infinitely high reluctance, 
which is the same as saying that there is no insula- 
tor of magnetism. 

Magnetizing Force and the Magnetic Cir- 
cuit. 

The producing cause of the magnetic flux or mag- 
netization just described is in practice always a cur- 
rent circulating around an iron core. The name of 
magnetizing force is often given to it. It is the 
analogue of electro-motive force, and is measured by 
the lines of force it establishes in a field of air of 
standard area. 

A high value for the magnetic force is 585 lines 
per square centimeter. It is proportional to the 
amperes of current and to the number of turns the 
conductor makes around it. Its intensity is often 
given in ampere-turns. 

Magnetization always implies a circuit. As far as 
known, magnetic lines of force cannot exist without 
a return circuit, exactly like electric currents. But 
owing to the imperfect reluctance of all materials, 
the lines of force can complete their circuit through 
any substance. In a bar magnet the return branch 
of the circuit is through air. 
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In the same magnetic circuit, the planes of nor- 
mal cross-section lie at various angles with each 
other. 

The law of a magnetic circuit is exactly compar- 
able to Ohm's law. It is as follows: 

Rule 63* Tlie magnetization expressed in lines of 
force is eqaal to tlie magnetizing force divided by the 
reluctance or maltlplied by tlie permeance of tlie entire 
circait. 

This rule would be of very simple application, ex- 
cept for the fact that reluctance increases, or per- 
meance decreases, with the magnetization, and the 
rate of variation is different for different kinds of 
iron. 

Rale 64. Permeability is tlie ratio of magnetization 
to magnetizing force, and Is obtained by dividing mag" 
netizatlon by magnetizing force. 

Permeability has to be determined experimentally 
for each kind of iron. It is simply the expression 
of a ratio of two systems of lines of force. It 
always exceeds unity for iron, nickel, and cobalt. 
The specific susceptibility of any particular iron to 
magnetization is its permeability. The susceptibil- 
ity of a portion, or of the whole of a magnetic cir- 
cuit is its permeance. 

• 

General Rules for Electro-Magnets. 

The traction of a magnet is the weight it can 
sustain when attached to its armature. It is pro- 
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portional to the square of the number of lines of 
force passing through the area of contact. 

Rule 65. Tlie traction of a magnet in pounds lu equal 
to tlie square of the number of lines of force per square 
incli) multiplied by the area of contact and divided by 
72)1 349000, In centimeter measurement the traction 
in pounds is equal to the square of the number of lines 
of force per square centimeter multiplied by the area of 
contact and divided by 11,183,000. The traction in 
grams is equal to the latter dividend divided by 24,655 
(8 IT X 981); for dynes of traction the divisor is 25.133 

(8 IT) 

Examples. 

A bar of iron is magnetized to 12,900 lines per 
square inch; its cross-section is 3 square inches. 
What weight can it sustain, assuming the armature 
not to change the intensity of magnetization? 

Solution: 12,900^ X 3 = 499,230,000. This di- 
vided by 72,134,000 gives 6.914 lbs. traction. 

A table calculated by this rule is given. A 
diminished area of contact sometimes increases trac- 
tion, and a non-uniform distribution of lines may 
occasion departures from it. The above rule and 
the table alluded to are practically only accurate 
for uniform conditions. The reciprocal of the rule 
is applied in determining the lines of force. of a 
magnet experimentally. 

Rule 66. The lines of force ivhlch can pass through a 
magnet core ivltli economy are determined by the tables, 
keeping In mind that it is not advisable to let the per- 
meability fall beloiv^ 200—300. From them a number 
is taken (4O9OOO lines per square inch for cast iron or 
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100,000 lines per square Inch for nrronglit Iron are g^ood 
general averages) and Im maltlplled by tlie cross-sec- 
tloual area of tbe magnet core. 

Rule 67. To calculate the magnetizing force In am- 
pere turns required to force a given number of magnetic 
lines through a given permeance, multiply tbe desired 
lines of force by the reluctance determined as beioiir. 

Rule 68* a. The reluctance of a core or of any portion 
thereof for inch measurements is equal to the product 
of the length of the core or of the portion thereof by 
0.3132 divided by the product of its cross-sectional area 
and permeability. 

b. The reluctance for centimeter measurements Is 
equal to the length of the core divided by the product of 
1.2566, by the cross-sectional area and the permea- 
bUity. 

Examples. 

440,000 lines are to be forced through a bar of 
wrought iron 10 inches long and 4 square inches in 
area; calculate its reluctance and the magnetizing 
force in ampere turns required to effect this mag- 
netization. 

Solution: The reluctance (a) = 10 X .3132 -*- (4 X 
permeability). 440,000 lines through 4 square inches 
area is equal to 110,000 lines through 1 square 
inch; for this intensity and for wrought iron the 
permeability = 1G6. 166 X 4 = 664. The reluc- 
tance therefore = 3.132 ^ 664 = .0047. The mag- 
netizing force in ampere turns = 440,000 X .0047 
= 2068. 

The same number of lines are to be forced 
through a bar 25.80 square centimeters area and 
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25.40 centimeters long. Calculate the ampere 
turns. 

Solution: 440,000 lines through 35.80 sq. cent. 
= ^^ = 17,054 through 1 sq. cent., for which the 
permeability = 161. The reluctance therefore, {b) 
= 25.40 -*- (1.2566 X 25.80 X 161) =.0048. The 
ampere turns = 440,000 X .0048 = 2112. 

Magnetic Circuit Calculations. 

Practically useful calculations include always the 
attributes of a full magnetic circuit, because mag- 
netization can no more exist without a circuit than 
can an electric current. In practice an electro- 
magnetic circuit consists of four parts: 1, The 
magnet cores; 2 and 3, the gaps between armature 
and magnet ends; 4, the armature core. To cal- 
culate the relations of magnetizing force to magne- 
tization the sum of the reluctances of these four 
parts has to be found. A further complication 
is introduced by leakage. The permeability of well 
magnetized iron being so low, not exceeding 150 to 
300 times that of air, a quantity of lines leak across 
through the air from magnet limb to magnet limb. 
Leakage is included in the sum of the reluctances 
by multiplying the reluctance of the magnet core by 
the coefficient of leakage, which is calculated for 
each case by more or less complicated methods. For 
parallel cylindrical limb magnets the calculation is 
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exceedingly simple. The calculation in all cases is 
simplified by the fact already stated, that in air 
permeability is always equal to unity, whatever the 
degree of magnetization. For copper and other 
non-magnetizable metals the variation from unity is 
so slight that it may, for practical calculations, be 
treated as unity. 

Leakage of Lines of Force. 

Leakage is the magnetic flux through air from 
surfaces at unequal magnetic potential, such as 
north and south poles of magnets. It is measured 
by lines of force and is proportional to the relative 
permeance of its path. 

The coefficient of leakage of a magnetic circuit is 
the quotient obtained by dividing the total magnetic 
flux by the flux through the armature. The total 
magnetic flux is the maximum flux through the 
magnet core. 

Rule 69. To obtain the eoefficlent of leakagre divide 
the permeance of the armature core and of the tivo saps 
plus one-half the permeance of air betuveen magnet 
llmhtf by the permeance of the armature core and of the 
tuvo gaps. 

Example. 

The total flux through an armature core is found 
to be at the rate of 70,000 lines per square inch, and 
the armature core is 3 inches diameter and 10 inches 
long. The average length of travel of the magnetic 
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lines through it is H inches. The air gaps are 10 X 
3 inches area and i inch thick. The permeance be- 
tween the limbs of the magnet is 500. Calculate 
the coefficient of leakage. 

Solution: 70,000 lines per square inch gives a 
permeability of 1,921. By Rule 68 the reluctance 

of the armature core is 35^7^1 X .3132 = .000008. 

The reluctance of a single air gap is || X .3132 = 
.0052. Thus the armature reluctance is so small 
that it may be neglected. The permeance of the 
two air gaps is given by qq^I^^ ~ ^^^ (about). The 

coefficient of leakage = ^^+^^ = 3.5. 

As the coefficient of leakage is the factor used in 
these calculations, the permeance of the leakage paths 
is the desired factor for its determination. In the 
case of cylindrical magnet cores parallel to each 
other, they are obtained from a special table given in 
its place later. It is thus calculated and used. 
The least distance separating the cores (h) is di- 
vided by the circumference of a core {p) giving the 
ratio (— ) of least distance apart to perimeter of a 
core. The number corresponding in columns 3 or 5 
is multiplied by the length of a core. The product 
is the permeance. Columns 2 and 3 give the re- 
luctance. To reduce to average difference of mag- 
netic potential divide by 2. 
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Example. 

Calculate the permeance between the legs of a 
magnet, 3 inches in diameter and 12 inches high 
and 5 inches apart. 

Solution: The perimeter = 3 X 3.14 = 9.42. ^^ = 
i or .5 nearly. From the table of permeability 
we .find 6.278. Multiplying this by 12 we have 
6.278 X 12 == 75.336, the permeance. Dividing by 
2 we have ^-^^^ = 37.668, the permeance for use in 
the calculation of leakage coefficient. 

It will be observed that this calculation is based 
entirely on the ratio stated, and that absolute di- 
mensions have no effect on it. 

For flat surfaces, parallel and facing each other, 
the following method precisely comparable to the 
rule for specific resistance is used: 

' Rule 70* The permeanee of the air space betiireen flat 
parallel surfaces Is equal to their average area maltl« 
plied by 3.193 and divided by their distance apart, all 
in inch measurements. 

Example. 

Determine the permeance between the two facing 
sides of a square cored magnet 15 inches long, 3 
inches wide and 8 inches apart. 

Solution: 3 X 15 = 45 (the average area); 45 X 
3.193 -^ 8 = 17.96. For use in calculations it 
should be divided by 2 giving 8.98. This division 
by 2 is to reduce it to the average difference of mag- 
netic potential between the two magnet legs. 
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Calculations fob Magnetic Ciecuits. 

A magnetic circuit is treated like an electric one. 
The permeance (analogue of conductance) or reluc- 
tance (analogue of resistance) is calculated for its 
four parts, magnet core, two air gaps, and armature 
core. The leakage coefficient is determined and ap- 
plied. The requisite magnetizing force is calcu- 
lated in the form of ampere turns (the analogue of 
volts of E. M. F.). The preceding leakage rules 
cover the case of parallel leg magnets. For others 
a slight change is requisite in the leakage calcula- 
tions, but in practice an average can generally be 
estimated. 

Example. 

Assume the magnet and armature of a dynamo. 
The magnet is of cast iron, each leg is cylindrical in 
shape, 4 inches in diameter and 20 inches high. 
From center to center of leg the distance is 9 inches. 
The armature core of soft wrought iron is 4 inches 
in diameter and 8 inches long, the pole pieces curv- 
ing around it are 4 inches, measured on the curve 
inside, by 8 inches long. The air gap is J inch 
thick. Calculate the reluctance of the circuit and 
the ampere turns for 500,000 lines of force. 

Solution: The pole pieces approach within 2J 
inches of each other. This leaves ll inches of the 
diameter of the armature core embedded or included 
within or embraced by them. One-half of this 
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amount may be taken {ind added to 2i giving 3J as 
the average depth of core for an area 4 X 8 = 32 
square inches. The lines per square inch of arma- 
ture core are ^^ ==15,625 lines per square inch. 
By the table of permeability, 4650 is given for per-' 
meability for 30,000 lines in soft iron. For 15,625 
lines per square inch 9,000 can safely be taken for 
permeability. Its relative reluctance is therefore 
^y^loQQ = .000011 relative armature core reluctance. 

(1) 

The relative reluctance of one air gap (permeabil- 
ity = 1) is i - 32 = .0078 and .0078 X 2 = .0156 = 
air gaps reluctance (2). 

The ratio - of the table for determining the leak- 
age between cylindrical magnet legs is 43^^ = .4. 
5 is the distance between the legs. Permeance cor- 
responding thereto is 6.897, which multiplied by 20, 
the length of the legs, and divided by 2 for average 
magnetic potential difference gives 68.97 for rela- 
tive effective permeance (3). 

The relative reluctance of the air gaps and arma- 
ture core is .015611; the reciprocal or permeance is 
64.06 (4). 

For coeflacient of leakage we have (64.06 + 68.97) 
-*• 64.06 = 2.08 (5). 

To find the relative reluctance of the magnet core 
whose yoke may be taken as of mean length 9 inches 
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and of area equal to that of the core (3.14 X 2^ = 
12.56) we have to first determine the permeability. 

500 000 

^g'gg - = 40,000 lines per square inch, corresponding 

to a permeability of 258. For the effective reluc- 
tance of the magnet core introducing the factor of 
leakage (2.08) we have the expression ^^+fg+^^^^^-^ 

= .0314. 

To get ampere turns, we add the reluctances of 
circuit, multiply by .3132 and by the required lines, 
(.000011+ .0156 + .0314) X .3132 X 500,000 = 
7362 ampere turns required. 

In the above calculations, the multiplication by 
.3132 was omitted to save trouble, relative reluc- 
tances only being calculated, until the end when one 
multiplication by .3132 brought out the ampere 
turns. The leakage appears excessive partly be- 
cause of the high reluctance of the two air gaps. 
These should be increased in area and reduced in 
depth if possible. The leakage is also high on 
account of the legs of the magnet being close to- 
gether. Were these separated, a larger armature 
core might be used, justifying a lower speed or rota- 
tion of armature, reducing reluctance of air gaps by 
increasing their area, and reducing leakage between 
magnet legs by increasing their distance. The 
magnet legs might also be made shorter, thus reduc- 
ing leakage. 
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Thus assume the magnet core of the same cross- 
sectional area, but only 10 inches long and with a 
distance apart of legs of 7 inches, giving a 7 X 10 
inch armature core and pole piece areas (air gap 
areas) of 7 X 10 = 70 sq. inches. 

For leakage ratio we have (^) = j^ = .56 giv- 



6.000 X 10 
2 



ing from the proper table 6.000 (about), 

= 30 relative permeance of air space between legs. 

For air gaps reluctance ^ ^ 70 = .00357 which 
for the two gaps gives .00714 relative reluctance. 

Treating the armature core as a prism 7 X 10 = 70 
sq. inches area and 5 inches altitude, we have for 
lines per sq. inch 500,000 -«- 70 = 7000 giving it 
about 9000 and reluctance as 5 -^ (70 X 9,000) = 
.000008 reluctance. 

Air gaps and armature core reluctance = ,007148 
and permeance = -q^^ = 139. 

Coefficient of leakage = ^^^ = 1.21. 

If the depth of the air gaps was reduced to ^ inch 
the coefficient of leakage would then be about 1.11. 

Every surface in a magnet leaks to other surfaces 
and the leakage from leg to leg is sometimes but one 
third of the total leakage. In practice the total 
leakage often runs as high as 50^, giving a coefficient 
of 2.00 and in other cases as low as 25^ giving a co- 
efficient of 1.33. 
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Dynamo Armatures. 

An armature of a dynanio generally comprises two 
parts — the core and the winding. The core is of 
soft iron. Its object is to direct and concentrate 
the lines of force, so that as many as possible of 
them shall be cut by the revolving turns or convolu- 
tions of wire. The winding is usually of wire. It 
is sometimes, however, made of ribbon or bars of 
copper. Iron winding has also been tried, but has 
never obtained in practice. The object of the wind- 
ing is to cut the lines of force, thereby generating 
eleptro motive force. The number of the lines of 
force thus cut in each revolution of the armature 
is determined from the intensity of the field per 
unit area, and from the position, area and shape of 
the armature, coils and pole pieces. The number 
thus determined, multiplied by the number of times 
a wire cuts them in a second, and by the effective 
number of such wires, gives the basis for determin- 
ing the voltage of the armature. 

Rale 71. One volt E. HI. F. iu seneraied by the cutting 
of 10«> (lOOyOOOyOOO) lines of force In one second. 

Examples. 

A single convolution of wire is bent into the form 
of a rectangle 7 X 14 inches. It revolves 25 times a 
second in a field of 20,000 lines per square inch. 
What E. M. F. will it develop at its terminals? 

Solution: The area of the rectangle is 7 X 14 = 98 
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square inches. Multiplying this by the lines of force 
in a square inch, we have 98 X 20,000 = 1,900,000. 
Eacl:\,side of the rectangle cuts these lines twice in 
a revolution, and makes 25 revolutions in a second. 
This gives 25 X 2 X 1,900,000 = 98,000,000 lines 
cut per second, corresponding to 98 X 10* X 10"* = 
98 X 10-2 = iVff volts E. M. h\ generated, or ^?^%%%% 
= ififc volts. 

The field of the earth in the line of the magnetic 
dip = .5 line per square centimeter. Calculate a 
size, number of layers, and speed of rotation for a 
one volt earth coil. 

Solution : We deduce from the rule the following : 
Area of coil x revolutions per sec. x convolutions 
of wire X .5 X 10"''= .5. We may start with revolu- 
tions per second, taking them at 20. Next we may 
take 50,000 convolutions. 20 x 50,000 x .5 == 
600,000. This must be multiplied by 200 to give 
10*; in other words, the average area within the 
wire coils must be 100 square centimeters, or 10 x 
10 centimeters. 2 x 100 X 2000 X 500 X .5 = 10^ 
and 10' X 10"' = 1 volt. 

Rule 72. The capacity of an armature for current Is 
determined by the cross-section of Its conductors. This 
should be such as to allour 520 square mils per ampere 
= 1923 amperes per square Inch area. 

Example. 

A drum armature coil is of 4 inches diameter, 
and is wound with wire jj^ of the periphery of the 
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drum in diamefer; the wire is 1«X> feet long. Its 
£. M. F. is 90 volts. AVhat is the lowest admissible 
external resistance? 

Solution: The circumference of the drum is 3.14 
X 4 = 12.56 inches. The diameter of the wire is 

-3^ = .0418 in. or 42 mils. The area of the wire is 

21* X 3.14 = 1387 square mils. By the rule the 
allowable current in amperes for a single lead of 
such wire is Vifif = 2.6G amperes. But on a drum 
armature the wire lies with two leads in parallel. 
Hence it has double the above capacity or 2.66 X 2 
= 5.32 amperes. The resistance of such wire may 
be taken at .137 ohm. Bv Ohm's law the total re- 

sistance for the current named must be ^ or 17 

ohms. The external resistance is given by 17 — 
.137 = 16.803 ohms. 

These two rules enable us to calculate the ca- 
pacity of any given armature. Certain constants 
depending on tlie type of armature have to be intro- 
duced in many cases. 

Drum Type Closed Circuit Armatures. 

For these armatures the following rules of varia- 
tion hold, when they do not differ too much in size, 
and are of identical proportions. 

Rule 73. a. The E. RI. F. varfes directly nrltli the 
square of the size of core and nrlth the nnmber of turns 
of 11^1 re. 
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a 

b. The current capacity Tarles nrlth the sixth ponrer 
of the size of core for Identical K. IXE. F. 

c. The resistance Tarles directly nrlth the cnbe of the 
muBber of turns and Inversely nrlth the size of core, 

d. The amperage on short circuit varies directly urlth 
the cube of the size and Inversely nrlth the square of 
the number of turns. 

In these rules the proportions of the drum are 
supposed to remain unchanged. Size may be re- 
ferred to any fixed factor such as diameter, as lineal 
size is referred to. 

These rules enable us to calculate an armature 
for any capacity and voltage. As a starting point a 
given intensity of field, speed of rotation, and num- 
ber of turns of wire and size of wire has to be taken. 
The wire is selected to completely fill the periphery 
of the drum. Then a trial armature is calcu- 
lated of the required voltage and its amperage is 
calculated. With this as a basis, by applying Kule 
73, sections a and b, the size of an armature for the 
desired current capacity is calculated, the E. M. F. 
being kept identical. As a standard for medium 
sized machines 20j^ of the turns of wire may be con- 
sidered inactive. 

'Example. 

Calculate a 100 volt, 20 ampere armature, whose 
length shall be twice its diameter, to work at a 
speed of 15 revolutions per second. 

Solution: Take as intensity of field 20,000 lines 
per square inch. Allow 80j^ of active turns of 
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wire. Start with a core 8 X 16 = 128 square inches, 
including 128 X 20,000 = 256 X 10* lines of force. 
The given speed is 15 rotations per second. For 
the number of active turns of wire per volt we 
have to divide 10* or 100,000,000 by one half the 
lines of force cut by one wire per second. This 
number is 256 X 10* X 15, or 38,400,000; and 

^^^mm = *^-^ ^^^^3- ^^^^ 1^^ ^^^*^S' therefore, 260 
active turns are needed. If one half the lines were 
not taken the result would be one half as great, be- 
cause each line cuts each line of force twice in a 
revolution, and in the computation a single cutting 
per revolution only is allowed for. 

The reason for thus taking one half the lines cut 
by a single wire as a base is because in the drum arma- 
ture the wires work in two parallel series, giving one 
half the possible voltage. The actual turns are 
260 -i- .80 = 325, say 324 turns. Assume it to be 
laid in two layers giving 162 turns to the layer. 
The space occupied by a wire is equal to the peri- 
meter divided by the number of wires or t% = .154 
in. Allowing 25j^ for thickness of insulation, lost 
space, etc., we have .115 in. or 115 mils as the 
diameter of the wire. In the drum armature as just 
stated the wire is parallel, so that the area of one 
lead of wire has to be doubled, giving 10,573 X 
2 square mils as the area of the two parallel leads. 
This is enough for 40 amperes or double the amper- 
age required. This capacity is reached by taking 
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520 square mils per ampere as the proper cross-sec- 
tional area of the wire. (Rule 72.) 

We must therefore reduce the size to give J^ the 
ampere capacity; this reduction (by Eule 73 b) is in 

the ratio 1 : J^* = 1 : .89018 ; the size therefore is 
8 X .89018 diameter by 16 X .89018 length = 7.12 
X 14.24 inches. 

Applying a for voltage we have for the same num- 
ber of turns on the new armature a voltage in the 
ratio of 1 : .89018*^ or about A of that required. We 
must therefore divide the number of turns in the 
trial armature by .89018^ giving for the number of 
turns ^ = 409, say 410 turns. 

To prove the operation we first determine the 
voltage of the new armature. Its area is 7.12 X 
14.24 = 101.4 square inches including 2,028,000 lines 
of force. The active wires are 410 X .8 = 328. 
We have for the voltage = - ^-^-^.^^^ ^ '' = 99.78 
volts. 

The relative capacity of the wire is deduced from 
the square of its diameter. The circumference of 
the new armature is 7.12 X 3.14 = 22.3568. There 
are 205 turns in a layer giving as diameter of wire 

-^- = .1091 mils. This must be squared, giving 
.0119, and compared with the square of the corre- 
sponding number for the original armature. This 
number was 25 -*- .162 = .154 inch. .154^ = .02371 
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and .01 JIM) •^ .(K>:i7l = I (nearly), showing that 
tho niiW arnuituro has one half the ampere capac- 
ity of the old, or 40 X | = 20 amperes as re- 
quired. 

The |2:ango of the wire is reached by making the 
same allowance for insuhition and lost space, viz., 
25jr. Am\ X .75 = .0818 in. or 81.8 mils diameter, 
for size of wire. Of course there is nothing absolate 
about *it}% as a Iohs coenicient; it will vary with 
style of iiirtulation and even to some extent with the 
gau^e of wire. Hut as Uule 73 is based upon the 
assumption that this loss is a constant proportion of 
the diameter of the wire, too great a variation of 
sizes should not he allowed in jts application. In 
other words the trial arnuvture should be as near as 
possible in size to the final one. 

Suppose on the other hand that an armature for 
100 amperes was re<|uired. Tiiis is for 2}4 times 
40 amperes (the cjipaeitv of the first calculated or 
trial arnuiture). 

Applying h we extract the Oth root of 2j4. (2j4)i 
-- 1.105IJ (by logarithms or by a table of 6th 
roots). The size of the new armature is therefore 
8 X l.lf>5;j by UI X l.li;:):) or \h:)\t'H x 18.6448 
inches. 

Applying a for voltage we have for the same num- 
ber of turns of the new armature a voltaire in the 
ratio of 1.1G53=* : 1 or 1.358 times loo great. We 
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must therefore multiply the original turns by the 
reciprocal of 1.358, giving j^ = 239 turns. 

To prove the voltage, we muftiply 239 by .8 for 
the active turns of wire, giving 191.2 turns. The 
area of the armature is 9.32 X 18.64 = 172.7 square 
inches. For voltage this gives 172.7 X 191.2 X 20,- 
000 X 15 X 10-« = 98.6 volts (about). 

To prove the capacity we must divide the circum- 
ference of the new armature, 9.32 X 3.14 = 29.26 
inches, by the turns of wire in one layer, H^ = 120 
turns (about). This gives a diameter of 244 mils 
(nearly). The ratio of capacities of the original and 
this wire is .2442 ^ .1542 inches = .059536 -^ .02371 
=2.51 corresponding to 40 X 2.51 = 100 amperes. 

These results, owing to omissions of decimals, do 
not come out exactly right and it is quite unneces- 
sary that they should. The accuracy is ample for 
all practical purposes. For armature dimensions it 
would be quite unnecessary to work out to the sec- 
ond decimal place. It would answer to take as ar- 
mature sizes in the two cases given 7 X 14^ inches 
and 9}i X 18^ inches. 

It is also to be noted that a very low rate of rota- 
tion was taken. 25 to 30 turns per second would 
not have been too much. The latter would give 
double the voltage and the same amperage. 

Field Magnets of Dynamos. 
The calculation for a magnetic circuit given on 
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pages 92 et seq., is intended to supply an example of 
the calculation of the circuit formed by a field mag- 
net and its armature^ such as required for dynamos. 
The leakage of lines of force is and can only be so 
incompletely calculated that it is probably the best 
and most practical plan to assume a fair leakage 
ratio and to make the magnet cores larger than re- 
quired by the lines of force of the armature in this 
ratio. A low multiplier to adopt is 1.25, which is 
lower than obtains in most cases; 1.50 is probably a 
good average. 

Rale 74* The eross-sectlonal area oftlte fleld-magrnei 
cores is eqaal to tlie lines of force in the field divided hj 
ibe magnetic flax (colamn B) for tbe material selected 
and corresponding to tbe ebosen permeability (m), moi* 
tiplied bjr tbe leakage eoeflicient* 

A good range for permeability is from 200 to 400 
giving for wrought iron from 100,000 to 110,000 
lines of force per square inch and for cast iron from 
35,000 to 45,000 lines per square inch; for the field 
from 15,000 to 20,000 lines per square inch may be 
taken. 

The permeability table gives data for different 
qualities of iron. 

Example. 

Taking the 100 volt 100 ampere armature last cal- 
culated, determine the size of field-magnet cores to 
go with it, and the ampere turns and other data. 

Solution: Assume 20,000 lines of force per square 
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inch in the field, 45,000 in cast iron and 110,000 in 
wrought iron core and a leakage coefficient of 1.25. 
We have for total lines of force passing through 
armature 172.7 X 20,000 = 3,454,000; cross-sectional 

area for cast iron core ^^^ X 1.25= 96 square 

inches; cross-sectional area for wrought iron core 

^-^^ X 1.25 = 39 square inches. 

As length of cores we may take 20 inches with 
a distance between them of 10 inches. Assume 
wrought iron to be selected. If cylindrical they 
would be 7 inches in diameter to give the required 
cross-sectional area. The yoke connecting them 
would average in length 10 + 7 = 17 inches, giving 
for magnet cores and yoke a length of 17 4- 20 + 20 
= 57 inches. The reluctance of cores and yoke 

(Rule 68) ^ ^TO^xlw (^'^^^^^ ^ = ^^^) ^^^^^^^ reduces 
to .00132 (1). 

The armature area is 172.7 inches. As average 
length of the path of lines of force through it 5 
inches may be taken. As it passes only 20,000 lines 
of force per square inch of field its permeability is 
high, say 9000. Its reluctance is given by iTsx'gooo * 

This is so low that it may be neglected. 

The area of each air-gap may be taken as 173 
square inches, and of depth of two windings jplus 
about A inch for clearance or windage giving 
(.224 X 2) + .1 = about .6 inch for its depth. Its 
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reluctance is ^;^^*^= .00108. As there are two air 

gaps we may at ouce add their reluctances giving 
.00216 (2). 

By Kule 67 the ampere turns are equal to the 
product of the reluctances (1) and (2), by the lines 
of force giving (.00121 + .00216) X (172.7 + 20,000) 
= 11640 ampere turns. 

The proper size of wire for series winding may be 
determined by Sir William Thompson's rule that in 
series wound dynamos the resistance of the field mag- 
net windings should be f that of the armature. The 
length of the wire in the armature is equal approxi- 
mately, to the circumference 9.32 X 3.14 = 29.26 
multiplied by the number of turns (240) giving 
29.26 X 240 = 7022 inches. 

The wire turns on the field magnets are found by 
dividing the ampere turns by the amperes giving 
HfiP = 232 turns. The circumference of the mag- 
net leg is 7.0 X 3.14 = 22 inches. The total length 
of wire is therefore, approximately, 232 X 22 = 5104 
inches. 

To compare the resistances we must use ^^^ for 
the length of the armature wire, because it is in 
parallel, and therefore is J the length and i the re- 
sistance of the full wire in one length. Dividing by 
4 introduces this factor. 

As the resistances of the wires are to be in the ratio 
of 2 : 3, we have by llule 13 (calling the thickness 
of armature wire 244 X .75 = 183 mils to allow for 
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insulation, etc.), 2:3 :: ISS^ X 5104: ^ X 5^, and 
solving we find x^ = 73026 .\ x = 270 mils. 

For shunt winding Sir William Thompson's rule 
is that the product of armature and field resistance 
should equal the square of the external resistance. 
The latter may be taken (Ohm's law) as equal to 

loo^m^^ ~ ^ ^^^- Properly the armature resist- 
ance should be allowed for, but it is so small that it 
need not be included. We have therefore, arma- 
ture resistance X field resistance = 1^ X 1. 

The armature resistance is .0419 ohms. There- 
fore the field resistance is -^^ = 24 ohms. The cur- 
rent through this is equal to W = 4 amperes 
(nearly). Therefore ^-4^ = 2910 turns of wire are 

needed. The length of such wire will be ^->^ 
= 5335 feet. The resistance is about 4.4 ohms per 
1000 feet corresponding to about .48 mils diameter. 

The Kapp Line. 

Mr. Gisbert Kapp, C. E. who has given much in- 
vestigation to the problems of the magnetic circuit 
and especially to dynamo construction, is the orig- 
inator of this unit. He considered the regular C. 
G. S. line of force to be inconveniently small. He 
adopted as a line of force the equivalent of 6000 C. 
G. S. lines and as the unit of area one square inch. 
Therefoi-e to reduce Kapp lines to regular lines of 
force they must be multiplied by 6000, and ordi- 
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Tiary lines of force must be divided by 6000 to obtaiu 
Kapp lines. These lines are often used by English 
engineers. The regular system is preferable and by 
notation by powers of ten can be easily used in all 
cases* 



V 



CHAPTER X. 

DEMONSTRATION OF RULES. 

In the following chapter we give the demonstra- 
tion of some of the rules. As this is not within the 
more practical portion of the work, algebra is used 
in some of the calculations. It is believed that rules 
not included in this chapter, if not based on experi- 
ment, are such as to require no demonstration here. 

Rale 1 to 6, pages 13 and 14. Ohm^s law was 
determined experimentally, and all the six forms 
given are derived by algebraic transposition from 
the first form which is the one most generally ex- 
pressed. 

Rale 8, page 1 9. This is simply the expression of 
Ohm's law as given in Rule 1, because in the case of 
divided circuits branching from and uniting again 
at common points, it is obvious that the difference 
of potential is the same for all. Hence the ratio as 
stated must hold. 

Rale 9, page 20. This rule is deduced from Rule 
8. It first expresses by fractions the relations of 
the current. Next these fractions are reduced to a 
donimon denominator, so as to stand to each other in 
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the ratio of tlieir numerators. By applying the new 
common denominator made up of the sum of 
the numerators the ratio of the numerators 
is unchanged, and the ratio of the new fractions is 
the same as that of their numerators, while by this 
operation the sum of the new fractions is made 
equal to unity. Thus by multiplying the total cur- 
rent by the respective fractions it is divided in the 
ratio of their numerators, which are in the inverse 
ratio of the resistances of the branches of the circuit 
and as the sum of the fractions is unity, the sum of 
the fractions of the current thus deduced is equal to 
the original current. 

Rale 10, page 21. Kesistance is the reciprocal of 
conductance. By expressing the sum of the recip- 
rocals of the resistances of parallel circuits we ex- 
press the conductance of all together. The recipro^ 
cal of this conductance gives the united resistance. 

Rule 11, page 22. This is a form of Rule 10. 
Call the two resistances x and y. The sum of their 
reciprocals is i+^ which is the conductance of the 
two parallel circuits or parts of circuits. Reducing 
them to a common denominator we have: X + iL 

xy xy 

which equals ^^y^, whose reciprocal is ^^7-. 

Rnie 17, page 31. Taking the diameter of a wire 
as d, its cross sectional area is ^. The resistance 
is inversely proportional to this or varies directly 
with ^^,— -^. As the resistance of a conductor 
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varies also with its length and specific resistance we 
have as* the expression for resistance: 

S p. Bes. X 1.2737 X 1 

Rale 18, page 32. Assume two wires whose 
lengths are I and Z^, their cross sectional areas a and 
a^, their specific resistances s and s^^ and their resis- 
tances r and r^. From preceding rules we have for 
each wire: r = s^(l) and ri = s^ — (2). 
Dividing (1) by (2) we have: 

?: = :;x!-:x:-^(3). Pay) 

If we take the reciprocal of either member of this 
equation and multiply the other member thereby it 
will reduce it to unity, or: 

For convenience this is put into a shape adapted 
for cancellation. 

Rule 20, page 38. This is merely the expression 
of Ohm^s Law, Eule 3. 

Rnie 22, page 40. Call the drop e, the combined 
resistance of the lamps K, and the resistance of the 
leads X. Then as the whole resistance is expressed 
as 100 (because the work is by percentage) the differ- 
ence of potential for the lamps is 100 — e. By 
Ohm^s law we have the proportion: lOO-e : ^ :: E : 
X or 

eR 



X = 



100^ 

Rule 26, page 44. From Kule 22 we have: 
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Call the resistance of a single lamp r, then we 
have by Rnle 1^: 

^=^ (2) 

Substituting this value of R in equation (1) we 
have: 

_ e r 

^ ~ n X (100— c) (3) 

From Rule 24 we have, calling the cross-section a: 

I X 10.79 

»=-^ (4) 

Substituting for x its value from equation (3) we 
havo: 

/ X 10.79 X n X (100-e) 
" ~ er (5) 

Hut as / ex])rosses the length of a pair of leads, 
not l\w total longtli of lead but only one-half the 
tolnl. tli(» nroa should be twice as great. This is 
rlTcM'tcMl by using tlie constant 10.79 X 2 = 21.58 in 
tho r(|Uation giving: 

/ X 21.58 X n X (100— e) 

a ~ ■ — 

e r 

iiiii«« 5IH, page 48. Assuming the converter to work 
with 100'^ oilicioncy (which is never the case), the 
will I M ill the primary and secondary must be equal 
l,o I'lM'h oth(U* or: 

(:■"' U rr C^M^i, and R = ^' Rj, 

or llip n'HiKtnn(u»H of primary and secondary are in 
I hp ml lo of tb(» Hciiuires of the currents. The direct 
nilio JM cxprcMHcd by the ratio of conversion, when 
Uiu'imI il, givcH tlio ratio of the squares as required. 
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Rnie 37, page 59. Let d = diameter of the wire in 
centimeters. The resistance of one centimeter of 
such a wire in ohms = Sp. Resist. X 10"* X -^-. The 

specific resistance is here assumed to be taken in 
microhms. The quantity of heat in joules devel- 
oped in such a wire in one second is equal to the 
square of the current in C. G. S. units, multiplied 
by the resistance in C. G. S. units and divided by 
4.16 X 10', the latter division effecting the reduc- 
tion to joules. 1 ohm = 10* C. G. S. units of re- 
sistance. Multiplying the expression for ohniic 
resistance by 10® we have: Sp. Resist. X 10' X -^■. 
1 ampere = lO-i C. G. S. unit. If we express the 
current in amperes we must multiply it by 10", in 
other words take one-tenth of it. Our expression 
then becomes for heat developed in one second 

/JLV y Sp. Resist. X 10^ X 4 
U0>' IT da X 4.16 X 10' 

The area of one centimeter of the wire ia n- d 
square centimeters. The heat developed per scjujire 
centimeter is found by dividing the above exi)ression 
by Trd giving: 

i<_c \ a y Sp. Resist, x 10'' X 4 
V 10 ^ ir" d3 X 4.16 X lOT 

The heat developed is opposed by the hout lost 
which we take as equal to toW per square centimeter 
per degree Cent, of excess above surrounding me- 
dium. Therefore taking t° as the given tempera- 
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tiire cent, we may equate the loss witli the gain 
thus: 



/_^\* X Sp Resi st. X 10^ X 4 
\\q) ir9 (is X 4.16 X 10» 



4000 

_ c« X Sp . R esist. X 10» X 4 X 40000 
^ ~ ira X 4.16 X 10» X t<» * 

c» X Sp. Resist. X .00039 
t«» 

Rule 51, page 69. Call the external resistance ry 
number of cells n; resistance of one cell R; E. M. 
F. of one cell E; E. M. F. of outer circuit e. 
Then from Ohm^s law we have: 

nK 
^~ n/e + R (1) 



which reduces to: 



but G r = e. 



Cr 
** = W^QR (2) 



n = 



E — cie (3) 

Rnie 64, page 72. This rule is deduced from the 
following considerations. The current being con- 
stant the work expended in the battery and external 
circuit resj^ectively will be in proportion to their 
differences of potential or E. M. F^s. But these 
are proportional to the resistances. Therefore the 
resistance of the external circuit r should be to the 
resistance of the battery R as efficiency: 1 — effi- 
ciency or r : R :: efficiency : 1 — efficiency or 

U = (l-efflciency)_Xr^ rp|^^ ^^^^ ^f ^j^^ ^.^^^ jg dcduCed 
emciency 

from Ohm's law. 
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Rule 57, page 74. This rule gives the nearest ap- 
proximation attainable without irregular arrange- 
ment of cells. By placing some cells in single series 
and others two or more in parallel^ an almost exact 
arrangement for any desired efficiency can be ob- 
tained. Such arrangement are so unusual that it is 
not worth while to deduce any special rule for 
them. Thus taking the example given on page 
74 the impossible arrangement of 1.4 cells in 
parallel and 63 in series would give the desired 
current and efficiency. The same result can 
be obtained by taking 72 cells in 36 pairs with a re- 
sistance of 36 K A = 3 ohms, and adding to them 
27 cells in series with a resistance of 27 X ^ = 4^ 
ohms, a total of 7i ohms. The E. M. P. is equal to 
(36 + 27) X 2 = 126 volts. The total cells are 
72 + 27 = 99. 

Rule 68, page 76. One coulomb of electricity lib- 
erates from an electrolyte .000010384 gram of 
hydrogen. This has been determined experimen- 
tally. Let H be the heat liberated by the chemical 
combining weight of any body combining with 
another. H is taken in kilogram calories. Hence it 
follows that for a quantity of the substance equal to 
.000010384 gram X chemical combining weight, the 
heat liberated will be equal to H X .000010384, 
which corresponds to a number of kilogram meters 
of work expressed by .000010384 X H X 424. The 
work done by a current in kilogram -meters = 
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volts x^cx>uiomb8 ^^ f^^ ^^^^ coulomb = |^. This ex- 
presses the work done by one coulomb. Let the 
volts ~ E, and equate these two expressions: 

~i = .000010384 X H X 424, 

which reduces to 

B = H X .043. 

Rule 61, page 78. For the work (in kilogram- 
meters) done by a current (volt-coulombs) we have 
the general expression: 

_ volts X c oulombs ^« E Q 

^ - 9l8 ^^ 9:81 (1) 

Making W = 1 (i. e. one kilogram-meter) and 
transforming, we have, as the coulombs correspond- 
ing to 1 kilogram-meter: 

^=-E- (2) 

One coulomb of electricity liberates a weight (in 
grams) of an element equal to the product of the 
following: .000010384 X equivalent of element in 
question X number of equivalents ■*- valency of the 
element. Therefore, the coulombs corresponding 
to one kilogram-meter, liberates this weight multi- 

plied by -^ or indicating weight by G. 

Q _ .000010384 X equiv. X number equiv. y 9.81 

~ valency E (3) 

but; .000010384 X 9.81 = .000101867. 

a- equiv. X n X .000101867 
• *• Ex valency (4) 

Rule 73, page 98-99. The voltage of an armature of 
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a definite number of turns of wire and a fixed speed, 
varies with the lines included within its longitu- 
dinal area, as such lines are cut in every revolution. 
These lines vary with its area, and the latter varies 
with the square of its linear dimensions. 

To maintain a constant voltage if the size is 
changed, the number of turns must be varied in- 
versely as the square of the linear dimensions. 
This ensures the cutting of the same number of 
lines of force per revolution. 

If, therefore, its size is reduced from ic to i the 
turns of wire must be changed from x to a?^. The 
relative diameters of the two sizes of wire is found 
by dividing a similar linear dimension by the rela- 
tive size of the wire. But | ^ ^ "= ^a == diameter of 
the wire for maintenance of a constant voltage with 
change of size. 

The capacity of a wire varies with the square of 
its diameter and (^V = ^. 

Therefore the amperage, if a constant voltage is 
maintained, will vary inversely as the sixth power of 
the linear dimensions of an armature. 



CHAPTER XL 

NOTATION IN POWERS OF TEN. 

This adjunct to calculations has become almost 
indispensable in working with units of the C. G. S. 
system. It consists in using some power of 10 as a 
multiplier which may be called the factor. The 
number multiplied may be called the characteristic. 
The following are the general principles. 

The power of 10 is shown by an exponent which 
indicates the number of ciphers in the multiplier. 
Thus 10^ indicates 100; 10» indicates 1000 and so 
on. 

The exponent, if positive, denotes an integral 
number, as shown in the preceding paragraph. The 
exponent, if negative, denotes the reciprocal of the 
indicated power of 10. Thus 10"* indicates zh; 10"* 
indicates ttjW and so on. 

The compound numbers based on these are re- 
duced by multiplication or division to simple expres- 
sions. Thus: 3.14 X 10^= 3.14 X 10,000,000 = 
31,400,000. 3.14 X 10-^ = ^-^;^ or j;^^i^ Be- 

gard must be paid to the decimal point as is done 
here. 
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To add two or more expressions in this notation 
if the exponents of the factors are alike in all re- 
spects, add the characteristics and preserve the same 
factor. Thus: 

(51 X 10«) 4- (54 X 10« )= 105 X 10«. 
(9.1 X 10-») + (8.7 X 10-») = 17.8 X 10-». 

To subtract one such expression from another, 
subtract the characteristics and preserve the same 
factor. Thus: 

(54 X 10«) - (51 X 10«) = 3 X 10^ 

If the factors have different exponents of the 
same sign the factor or factors of larger exponent 
must be reduced to the smaller exponent, by factor- 
ing. The characteristic of the expression thus 
treated is multiplied by the odd factor. This gives 
a new expression whose characteristic is added 
to the other, and the factor of smaller exponent is 
preserved for both. 

Thus: 

(5 X 10^) 4- (5 X 10«) = (5 X 10^) + (5 X 100 X 
10^) = 505 X ] 0\ 

The same applies to subtraction. Thus: 

(5 X 10») - (5 X W) = (5 X 100 X 100 -(ox 
10^) = 495 X 10^ 

If the factors differ in sign, it is generally best to 
leave the addition or subtraction to be simply ex- 
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pressed. However by following the above rule it 
can be done. Thus: 

Add 5 X 10-2 and 5 X 10^ 

5 X 10« = 5 X 10^ X 10-2 . (5 X los X 10-2) + (5 x 
10-2) ^ 500005 X 10-2. This may be reduced to a 
fraction ^= 5000.05. 

To multiply add the exponents of the factors, for 
the new factor, and multiply the characteristics for 
a new characteristic. The exponents must be added 
algebraically: that is, if of different signs the numer- 
ically smaller one is subtracted from the other one, 
its sign is given the new exponent. 

Thus: 

(25 X 10«) X (9 X 108) = 225 X 10". 
(29 X 10-«) X (11 X 10^) = 319 X 10-^ 
(9 X 10«) X (98 X 10-2) =^ 3g2 X 10^ 

To divide, subtract (algebraically) the exponent 
of the divisor from that of the dividend for the ex- 
ponent of the new factor, and divide the character- 
istics one by the other for the new characteristic. 
Algebraic subtraction is effected by changing the 
sign of the subtrahend, subtracting the numer- 
ically smaller number from the larger, and giving 
the result the sign of the larger number. (Thus to 
subtract 7 from 5 proceed thus: 5 — 7 = —2.) 

Thus: 

(25 X 10«) -*- (5 X 10«) = 5 X 10-2 
(28 X 10-«) -f- (5 X 108) = 5.6 X 10-". 
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II.— EQUIVALENTS OF UNITS OF AREA. 





Square 
MiUimeter 


Square 
Centimeter 


Circular 

Mil. 


Square 
Mil. 


Square 
Inch. 


Square 
Foot 


Square Millimeter 


1 


0.10 


1978.6 


1550.1 


.00155 


.0000108 


Square Centimeter 


100 


1 


197,861 


155,007 


.156007 


.C01076 


Circular MU. 


.000507 


.0000051 


1 


.78540 


8X10-^ 




Square Mil. 


.000645 


.0000065 


1.2788 


1 


.000001 




Square Inch 


645.182 


6.451 


1,273,288 


1,000,000 


1 


.006944 


Square Foot 


92,898.9 


928.989 






144 
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m.— EQUIVALENTS OF UNITS OP VOLUME. 





Cubic 
Inch 


Fluid 
Ounce 


Gallon 


Cubic 
Foot 


Cubic 
Yard 


Cu. Cen- 
timeter 


Liter 


Cubic 
Meter 


Cubic Inch 


1 


.554112 


.004329 


.000578 




16.3862 


.016886 




Fluid Oz. 


1.80469 


1 


.007812 


.001044 




29.5720 


.029572 




Gallon 


281 


128 


1 


.188681 


.00495 


8785.21 


8.78521 


.008785 


Cubic Ft. 


1728 


967.506 


7.48052 


1 


.087087 


28815.8 


28.8158 


.028315 


Cubic Yd. 


46,656 


25,852.6 


201.974 


27 


1 


764,505 


764.505 


.764505 


Cu. Centi 


.061027 
CI. 027 


.088816 


.000264 


.000086 




1 


.001 


.000001 


liter 


88.8160 


.264189 


.085817 




1000 


1 


.001 


Cu. Meter 


61027 


83816 


264.189 


85.8169 


1.8080 




1000 


1 



\ 



*• -— ^ 
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IV.-EQUIVALENT8 OF UNITS OF WEIGHT. 



* 


Grain. 


Troy 
Onnce. 


Pound 

Avs. 


Ton. 


Milli- 
gram. 


Gram. 


Kilo- 
gram. 


Metric 
Ton. 


Grain 


1 


.020888 


.000148 




64.799 


.064799 


.000066 




TroyOunce 


480 


1 


.068641 




81,108.6 


81.1086 


.081104 




Pound Avs. 


7,000 


14.6838 


1 


.000447 




458.598 


.468698 


.000464 


Ton 




82,666.6 


2240 
.000002 


1 






.001016 
.000001 


1.01605 


Milllcram 


.015482 


.000082 




1 


.001 




Gram 


16.4828 


.082151 


.002206 




1000 


1 


.001 




Elilogram 


15,482.8 


82.1607 


2.20462 


.000984 


1,000.000 


1000 


1 


.001 


Metric Ton 




82,160.7 


2204.62 


.98421 




1.000,000 


1000 


1 
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V.-EQUIVALENTS OF UNITS 





Erg. 


Meg- 
erg. 


Gram-de- 
gree C. 


Kilogram- 
degree G. 


Pound- 
degree C. 


Pound- 
degree F. 


Erg. 


1 


.000001 






« 




Meg.-erg. 


1,000,000 


1 


.024068 


.000024 


.000058 


.000095 


Gram-degree 0. 




41.5487 


1 


.001 


.002205 


.008968 


Eilogram-degreeC. 




41,648.7 


1000 


1 


2.2046 


8.9688 


Poimd-degree C. 




18,846.5 


458.59 


.45859 


1 


1.8 


Pound-degree F. 




10,470.1 


251.995 


.251996 


.565556 


"V . 


Watt-Second. 


10^ 


10 


.24068 


.000241 


.000581 


.000955 


Gram-centimeter. 


981 


.000981 


.0000285 








Kilogram-meter. 


98.1X10« 


98.1 


2.86108 


.002861 


.005205 


.009870 


Foot-Pound. 




18.5626 


.826425 


.000826 


.000720 


.001295 


Horse-Power-Sec. 
English. 




7459.48 


179.486 


.179486 


.8967 


.71248 


Horse-Power-Sec. 
Metric. 




7857.5 


177.076 


177.075 


.890876 


.70276 



r " - .- 
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OF ENEEGT AND WORK. 



. Watt- 
Seoond. 


6ram- 
Centim'tr. 


Kilogram- 
meter. 


Foot- 
Ponnd. 


Horse- 
power- 
second 
English. 


Horse- 
power- 
second 
Metric. 




10-' 


.001019 










Erg. 


.1 


1019.87 


.010194 


.078784 


.t)00184 


.000186 


Meg-erg. 


4.16487 


42,868.6 


.428686 


8.06866 


.00667 


.006647 
6.64708 


Gram-degree 0. 


4164.87 




428.686 


'8068.66 


6.67 


Kilogram-degreeC. 


1884.66 




192.114 


1889.6 


2.62668 


2.66149 


Pound-degree C. 


1047.08 




106.780 


772 


1.40864 


1.42806 


Pound-degree F. 


1 


10,198.7 


.101987 


.787887 


.0018406 


.0018692 


Watt-Second. 


.000098 


1 


.00001 


.000072 






6ram-€entimeter. 


9.81 


100,000 


1 


7.28828 


.018162 


.018884 


Kilogram-meter. 


1.85626 


18,826.8 


.188268 


1 


.0018182 


.001848 


Foot-Pound. 


746.948 




76.0892 


660 


1 


1.01888 


Horse-Powcr-Sec. 
English. 


7^6.75 




76 


642.496 


.986866 


1 


Horse-Power-Sec. 
Metric 



i 
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VI.— TABLE OP SPECIFIC RESISTANCES IN MICROHMS AND 
OF COEFFICIENTS OF SPECIFIC RESISTANCES OF METALS. 



Annealed Silver 

Hard SUver 

Annealed Copper. . . . 

Hard Copper 

Annealed Gold 

Hard Gold 

Annealed Alununum.. 

Compressed Zinc 

Annealed Flatinmn. . 
" Iron 



Specific 
Resist- 
ance. Mi- 
crohms. 



1.521 
1.652 
1.616 
1.652 
2.081 
2.118 
2.945 
5.689 
9.158 
9.825 



Coeffi- 
cients of 
Sp. Res. 



.9412 
1.0223 



.0000 
.0228 
.2877 
.8107 
.8224 
8.5204 
5.6671 
6.0798 



1. 
1, 
1. 
1. 
1. 



Annealed Nickel . . . 

Compres'd Tin 

Lead... 
" Antimony 

" Bismuth 

Liquid Mercury 

2 Silver, 1 Platinum 

German Silver 

2 Gold, 1 Silver.... 



Specific 
Resist- 
ance. Mi- 
crohms. 



12.60 
18.86 
19.85 
85.90 
182.70 
99.74 
24.66 
21.17 
10.99 



Coeffi- 
cients of 
Sp. Res. 



7.7970 
8.2678 
12.2884 
22 2158 
82.1170 
61.7203 
15.2599 
13.1002 
6.8008 



flPECIFIC RESISTANCE OF SOLUTIONS AND LIQUIDS. 

MATTHIESSXN Ain> 0THEB8. 



Names of Solutions. 



Copper Sulphate, concentrated 

" with an equal volume of water 

*• with three volumes of water 

Common Salt, concentrated 

" with an equal volume of water . , 

" with two volumes of water 

*• with three volumes of water. 

Zinc Sulphate, concentrated 

** with an equal volume of water . . 

** with two volumes of water 

Sulphiuic Acid, concentrated 

" 50.5j(, Specific Gravity 1.898 . . . 

" 29.6)f, Specific Gravity 1.215. . . 

" 12j< Specific Gravity 1.080... 

Nitric Add, Specific Gravity 1.36 (Blavier) .... 
i( <( it (( 

DisWled Water, (Temp'tare unknown) (Pouillet) 



Temper- 
ature 
Centi- 
grade. 


Temper- 
ature 

Fahren- 
heit 


9° 


48.20 


(i 


t( 


(i 


it 


18« 


55.40 


ti 


tt 


(t 


tt 


tt 


t. 


140 


57.20 


ii 


it 


ti 


tt 


14.80 


67.80 


14.5" 


58. P 


12.80 


54.5^ 


12.80 


65.00 


140 


57.20 


240 


75.20 

1 



Specific 

Resistance. 

Ohms. 



29.82 

46 64 

77.68 

5.93 

6.00 

9.24 

11.89 

28.00 

22.75 

29.75 

6.32 

1.086 

.83 

1.368 

1.45 

1.22 

932. 



\ 



i 


_, 


1^ 


'I, . 

1 £.| Ecsiitflu™. 


r.SS„ 


0° as 

1 B3 

2 81! 

4 89 
D 41 

I 44 

« 

IB fig 

IB DC 


5 1.00186 

4 I.0118B 

LOlMfl 

6 1.MMIS 

i i.n348s 

1.038M 
8 l,04ltlO 

5 1.04D» 
4 J,04» 

Losm 


.99flM) IT 
.B»26 H 
.»S8T8 Ifl 
.98B0S go 
.9818> ei 

.fl740« aa 
.ffiois at 

.B6K8 211 
.BBBW 27 

.tmi S9 

.MM! 


60.8= 1.00168 

M.4 1.0696B 
fia.i 1.0T8BS 
68. 1.01764 

7B.4 LOSgU 
TB.2 1.USSS6 
TI. 1.M7M 
TS.8 1.10163 
S0.6 I.1065I 
82.4 1.10971 

88. i.inss 


.93M1 
.08148 

.oasot 

.094(9 
.99110 
.91789 

.Bin 

.90443 

.B04SI 
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IX.— CHEMICAL AND THERMO-CHEMICAL EQUIVALENTS. 

FOKUATIOK OF OxiDES. 



Name of Compoimd. 


Formula. 


Valency. 


Chemical 
Equiv- 
alents. 


Combin- 
ing 
Weights. 


Thermo- 
Chemical 
Equiv- 
alents. 


Water 

Iron I^toxide 


H2 

FeO 

Fe2 0S 

ZnO 

CuO 

HgO 


II 

II 

III 

11 

II 

11 


18 

72 
160 

81 

79.4 
216 


9 

86 
58.8 
40 5 
89.7 
108 


84.5 
84 5 


Iron Sesquioxide 


81.9x8 


ZincOzi(e 


48.2 


Copper Oxide 

Mercury Oxide 


19.2 
15.5 







Formation of Salts. 



Name of 
Base. 


Va- 

lency. 


Iron 


II 


Zino 


II 


Copper 


II 


Mercury 


II 



Formula. 

Chemical Equivalents 

Combining W eights 

Thermo-Chemical Equiv'lts 

Formula 

Chemical Equivalents 

Combining Weights 

Thermo-Onemical Equiv'lts 

FORMTTLA. 

Chemical Equivalents . . 

Combining Weights 

Thermo-Chemical Equiv'lts 

Formula. 

Chemical Equivalents 

Combining Weights 

Thermo-Chemical Equiv'lts 



Nitrates 



Fe (N03)2 
180 
90 
18.9 


FeSO* 
186 
68 
12.5 


Zn (N03)2 
189 
94.5 
9.8 


Zn 804 

161 
J10.5 
11.7 


Cu(N03)2 

98.7 
7.5 


CuSO* 
159.4 
79.7 
9.2 



Hg(N03)3 
824 
162 
7.5 



Sul- 
phates 



H, 



gS04 

280 
140 
9.2 



Chlo- 
rides 



FeCia 
127 
68.5 
60 



ZnC12 
186 
68 
66.4 



CuCia 
184.4 
67.2 
81.8 



HgC12 

271 
186 6 
9.45 



Cya- 
nides. 



FeQr 8 

66 
8.2 



ZnCyS 
117 
58.5 
7.8 

CuCya 
125.4 
62.7 
7.8 



Hg Cy a 
252 
126 
15.5 



X.— OHEMICAL AST) ELECXnO-CnEMlCAL EQCIVALEKTS. 



y.^ 


Symbol! 


cleB 


Cfacralal 


Combining 


Electeo- 
Chemkal 
EqulTiIects 


BjOragm 

SIlTcr 

Copper (Cnpric) 

MHCury (Meronric)... 
" (.MwOBimii).. 

Iron(faTic) 

■■ (IteTOOi) 

MIckd 


n 

As 

He,, 
He. 

HI 
Zd 



CI 


11 

I 

111 
II 

II 
II 

II 


108 

M 

69 

SS.B 


109 

100 
200 

JST 

S 


' 


05 

iwa 

2M 
8099 


Lead 

Oijgai 


84 









XL— HAGTTEnZATlOir AND MAGNETIC TKACTION. 



B 


B> 


Dyn. 


Gmmmos 


Kilup-B, 


Poondi 














eq-gra. 


Bq-in. 


Bq. ccnUm. 






Bq. Incb. 




0460 




40 6« 






































■»14° 


IS" 






































































n^i 
























































































J!" 1 










iso.s 
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XII.— PERMEABILITY OF WROUGHT ANI) OAST IRON. 

SQUARE CENTIMETER MBABUREMEXT. 



SQUARE TSCn MSABUSEMENT. 



Annealed Wrought ] 


1 
[ron. 


Gray Ca.st Iron. 


B 


M 


H 


1 

B 


M 


H 


5^000 


8,000 


1.66 


4,000 


800 


6 


9,000 


2,260 


4 


6,000 


600 


10 


10,000 


2,000 


^ i 


6,000 


270 


21.5 


11,000' 


1,692 


6.5 ' 


7,000 


188 


42 


12,000 


1,412 


8.5 


8,000 


100 


80 


18,000 


1,088 


12 


9,000 


71 


127 


14,000 


823 


17 


J0,000 


63 


188 


16,000 


626 


28.5 


11,000 


37 


292 


16,000 


820 

161 

90 


60 
106 
200 








17,000 




■• 




18,000 


• • •••••■>• 


• 




19,000 


54 


860 








20,000 


80 


666 

















Annealed Wrought Iron. 



B. 


M' 


80,000 


4,650 


40,000 


8,877 


60,000 


: 8,081 


0:0,000 


2,169 


70 000 


1,921 


80,000 


1,409 


90,000 


907 


100,000 


408 


110.000 


166 


120,000 


• 76 


180,000 


85 


140,000 


27 



H. 



6.6 
10.8 
16.6 
27.8 
86.4 
66.8 
99.2 
245 



664 
1,681 
8,714 
6.1&5 



Gray Cast Iron. 



B. 



M' 



26.000 
80,000 
40,000 
60,000 
60,000 
70,000 



763 
756 
253 
114 
74 
40 



H. 



82.7 
89.7 

155 

439 

807 
1,480 . 
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PERMEABrLTTY OP SOFT CHARCOAL WROUGHT IRON. 

(bselfokd bidwkll.) 
bquabx oxktimstkb mkasitbs. 



B 


/^ 


H 


7,890 


1899.1 


8.9 




11,560 


1121.4 


10.8 




16,460 


886.4 


40 




17,880 


160.7 


115 




18,470 


88.8 


208 




19,880 


45.8 


427 




19,820 


88.9 


685 





BQUABB INCH MBABITBXlfXNT. 



B. 


/^. 


H. 




47,414 


1897 


26.0 




74,104 


1122 


66.1 




99,191 


888 


256 




111,189 


150 


788 




118,604 


88.8 


1885 




124,021 


45.8 


2740 




127,165 


88.9 


8768 


• 



B 
H 



,( 



Both in lines of force. 



Magnetic Flux. 

Magnetizing Force 
o 

— the Permeability or multiplying power of the core. 

M 



XIII.-MAGNETIO RELUCTANCE OP AIE BETWEEN TWO PARALLEL 

CYLINDERS OF IRON. 



b 

p 
Ratio of least 


CSMTZMETIB TJNITB. 


Inoh Units. 


distance apart 








todrcumferenoe. 


1 






0.1 


.1954 


6.1055 


0.0771 


12.968 


0.2 


.2707 


8.6917 


0.1066 


9.877 


0.8 


.8251 


8.0768 


0.1280 


7.816 


0.4 


.8688 


2.7158 


0.1450 


6.897 


0.6 


.4046 


2.4716 


0.1598 


6.278 


0.6 


.4861 


2.2988 


0.1717 


6.826 


0.8 


.4887 


2.0466 


0.1924 


5.198 


1.0 


.6816 


1.8807 


0.2098 


4.777 


1.2 


.6684 


1.7996 


0.2288 


4.571 


1.4 


.6007 


1 6646 


0.2865 


4.228 


1.6 


;6289 


1.6902 


0.2476 


4.089 


1.8 


.6641 


1.6287 


0.2675 


8.888 


2.0 


.6774 


1.4764 


0.2667 


8.750 


4.0 


.8867 


1.1968 


0.8290 


8.040 


6.0 


.9819 


1.0782 


0.8669 


2.726 


8.0 


1.0047 


.9968 


0.8965 


2.528 


10.0 


1.0644 


.9484 


0.4161 


2.409 



In this table in columns 2 and 8 the .Unit length of a cylinder is taken as 1 centi- 
meter ; in columns 4 and 5 as 1 inch, p = circumference of cylinder b » shortest 
distance apart 



XIV.-TABLE OF 6TH ROOTS. 



Num- 
ber 


Sixth 
Root 


Number 


Sixth 
Root 


Num- 
ber 


Sixth 
Root 


Number 


Sixth 
Root 




.69855 




.95820 




1.0177 


U 


1.0978 




.70717 




.96850 




1.0192 


1| 


1.1019 




.72806 




.97006 




1.0226 


n 


1.1068 




.74185 




.97468 




1.0260 


1? 


1.1087 




.76478 




.97798 




1.0808 


ll 


1.1107 




.79870 




.98055 




1.0379 


H 


1.1119 




.83268 


A 


.98268 




1.0491 


lA 


1.1129 




.89090 








1.0C99 


2 


1.1287 




.98462 








1.0888 




_> 
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XV.- STANDARD AND BIRMINGHAM WIRE GAUGES. 



STAin>ASD. 


BlKHLNGHAM. 


Number of 
Gauge. 


Diameter 
in Mils. 


Square of 
Diameter or 
CircTr Mils. 


Number of 
Gtouge. 


Diameter 
in Mils. 


Square of 
Diameter or 
CircTr Mils. 


0000000 


600 


260000 


0000 


464 


206116 


000000 


464 


215296 


000 


426 


180626 


00000 


482 


186824 


00 


880 


144400 


0000 


400 


160000 





840 : 


116600 


000 


872 


188884 


1 


800 


90000 


00 


848 


121104 


2 


2S4 


80656 





824 


104976 


8 


259 


67081 


1 


800 


90000 


4 


288 


66644 


2 


276 


76176 


6 


220 


48400 


8 


252 


68504 


6 


208 


41209 


4 


282 


58S24 


7 


180 


82400 


6 


212 


44944 


8 


165 


27225 


6 


192 


86864 


9 


148 


21904 


7 


176 


80976 


10 


184 


17966 


8 


160 


25600 


11 


120 


14400 


9 


144 


20786 


12 


109 


11881 


10 


128 


16884 


18 


096 


9026 


11 


116 


13456 


14 


088 


6889 


12 


104 


10816 


15 


072 


6184 


18 


092 


8464 


16 


066 


4226 


14 


080 


6400 


17 


058 


8864 


15 


072 


6184 


18 


049 


2401 


16 


064 


4096 


19 


042 


1764 


17 


056 


8186 


20 


085 


1225 


18 


048 


2804 


21 


082 


1024 


]9 


040 


1600 


22 


028 


784 


20 


086 


1296 


28 


026 


626 


21 


082 


1024 


24 


022- 


484 


22 


028 


784 


26 


020 


400 


28 


024 


676 


26 


018 


824 


24 


022 


484 








25 


020 


400 








26 


018 


824 









IKDEX. 



Altbrnating current system 

47-49 

Amperage of armature 99 

Ampere 11-12 

Ampere-second 57 

Ampere-turns 87 

Ampere-turns, rules for calcu- 

culating 87 

Armature amperage of, on 

short circuit 99 

Armature calculations 99-103 

Armature, capacity of 99 

Armature, general features 

of 96 

Armature, resistance of 98 

Armatures, niles for calculat- 
ing 98-99 

Armature, voltage of 99 

Armature winding iron or cop- 
per 96 

Bridge, Wheatstone, principle 
of : 25 

Batteries, illustrations of ar- 
rangements 66 

Batteries or generators in op- 
position 15 

Batteries, storage, resistance 
of 65 

Battery arrangement and size 
for given eflflcioucy 73 



Battery, arrangement of cells 

in 67 

Battery calculations, discrep- 
ancies in 72 

Battery, chemicals consumed 

in 78 

Battery constants 65 

Battery, current of 68 

Battery, effective rate of work 

of 77-78 

Battery, efficiency, to calcu- 
late 72 

Battery, electromotive force of 67 

Battery, how rated 65 

Battery, resistance of 67 

Battery, to calculate current 

and arrangement 69-72 

Battery, to calculate its volt- 
age 76-77 

Battery, work of 77-78 

Calorte, gram and kilogram, 

defined 54 

Calorie, relation to watts and 

ergs 54-55 

Capacity of armature winding 97 

Cell con stunts 65 

Chemicals consumed in a bat- 
tery 78 

Circuits, divided, branched or 
shunt 19-25 
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INDEX. 



Circuits, portions of 17-19 

Circuits, single conductor 

closed 14-15 

Circular mils calculations. . . 44-45 

Circular mils 43-45 

Conductance 36-37 

Conductors of same material. . 36 
Conductors, resistance of dif- 
ferent 26 

Contact, area of in electro- 
magnets and armatures^... 86 
Convection and radiation, loss 

of heat by 58 

Conversion, ratio of 47 

Converters, rule for winding. . 49 
Cores of field-magnet, to calcu- 
late 104 

Counter-electromotive force 

of plating-batii 80 

Current, battery required for 

a given 69-72 

Current, distribution in paral- 
lel circuits 20-21 

Current, its heating effect and 

energy 50 

Currents passed by branches 

of a circuit 19 

Current, work of 60 

Current yielded by a battery. . 65 

Definitions, general 9 

Demonstrations of Rules 109 

Derived units... 10 

Dimensions, units of 10 

Drop of potential in leads.. 38-41 
Drum type closed circuit arma- 
tures 98-99 

Duty and commercial eflfici- 

ciiey 63-64 

Duty of generators 63 

Effective E. M. F 16 



Efficiency, its relation to resis- 
tances 64 

Efficiency of generators, com- 
mercial 64 

Efficiency of generators, elec- 
trical 63 

Efficiency, to calculate battery 

for a given 78-74 

Electro-magnets and dynamos 82 
Electro-magnets, general rules 

for 85 

Electro-magnets, to magnet- 
ize 86-87 

Electro-magnets, traction of 85-86 
Electromotive force of bat- 
tery 67 

Electro-plating calculations... 79 

Energy defined 9 

Energy in circuit, rules for de- 
termining 50-53 

Energy of current 50-53 

E. M. F., its meaning 10 

E. M. F., primary and second- 
ary 47 

Erg 54 

Force defined 9 

Force magnetic 84 

Fundamental units 10 

Field-magnet cores, to calcu- 
late 104 

Fjeld-magnet for dynamo or 

motor 104-107 

Field, unit intensity of mag- 
netic 8^-83 

Generators, efficiency of.. 63-64 
Generators or batteries in 
opposition 15 

Heat, absolute quantity in 
circuit 54 



INDEX, 
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Heating effect of current.. 50-53 

Heat specific 57 

Horse-power electrical 61 

Horse-power reduction from 

kilogram-meters 60 

Horse-power, to calculate for 

lamps 6S 

Joule, his law of heating, ef- 
fect of currents 50 

Joule or gram-calorie 54 

Kapp, Gisbert, his line of 

force 107-108 

Kilogram-meters 60 

Leads, tapering in size 41-42 

Leakage between cylindrical 

magnet leg, to calculate 91 

Leakage between flat magnet 

surfaces, to calculate 91 

Leakage of lines in a mag- 
netic circuit 95 

Leakage of lines of force 89 

Line of force, Kapp's 107-108 

Lines of force 82 

Lines of force cut per second 

for one volt 96 

Lines of force, leakage of 89 

Lines of force, to diminish 
leakage of 94-95 

Maonetic circuit 84 

Magnetic circuit calculations 

88-89 

Magnetic circuit, the law of . . . 85 
Magnetic circuits, four parts 

of H8 

Magnetic circuits, preiieral cal- 

culation.s for 92 

Magnetic field 82-S3 

Magnetic flux 82-83 



Magnetic force 84 

Magnetic potential, average 

difference of 90 

Magnetism, no insulator of 84 

Magnetizing force 87 

Magnet legs, long and short. . . &i 

Mass defined 9 

Metals, deposition of, by bat- 
tery 79 

Mho, unit of conductance 36 

Mil, circula r, calculations 

based on 44-45 

Mils, circular 43 

Mils, circular, applied to alter- 
nating current 48 

Multiple arc connections, to 
calculate 38-42 

Neutral wire in three wire 

system 46 

Notation in powers of ten. .. 118 

Ohm 11-12 

Ohm's law.... 13-25 

Ohm's law, its universal ap- 
plication 14 

Ohm's law, six expressions 
of 13-14 

Parallel connections of equal 

resistance 23 

Parallel leads, resistance of . . . 22 

Permeance 83-84 

Permeability 85 

Permeability, average range 

of 104 

Potential, diagram for calcula- 
ting fall of 41 

Potential diff<M-enee 38-42 

Potential difference, drop, or 

fallof 17 

Potential, drop of in leads. . . 38 42 
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INDEX. 



Powers of ten, notation in 118 

PrimaryE. M. F 47 

Proving armature calculations 103 

Radiation and convection, loss 

of heat by 58 

Rate of heat-energy, units of 63 

Ratio of conversion 47 

Reluctance 83-84 

Reluctance, calculation of — 87 

Resistance 26-35 

Resistance and efficiency, how 

related 64 

Resistance defined 9 

Resistance of battery 67 

Resistance of circuit, note rela- 
tive thereto 14 

Resistance of parallel leads. 22-23 
Resistance referred to weight 

of conductor 35-36 

Resistance specific 29 

Resistances, two in battery 

circuits tJ5 

Resistance, universal rule for 31-32 
Rules, demonstrations of 109 

Safbty-catchks for fuses, how 

calculated 59 

Secondary E. M. F 47 

Series winding for dynamos. . 106 

Shunt circuits 19 

Shunt circuits, resistance of , . . 22 

Shunt winding for dynamos. . . 107 



Space defined 9 

Specific heat 57 

Specific resistance 30-31 

System, alternating current. 47-49 

Systems, special 46-49 

System, three wire. . . •. 46-47 

Three wire system 48 

Three wire system, saving in 

size of wires 46 

Three wire system, the neutral 

wire 46 

Time defined 9 

Units, concrete statement of.. 12 

Units fundamental 10 

Units, original and derived 10 

Volt 10-12 

Voltage of battery, t# calcu- 
late 7&-77 

Volt-amperes 56-60 

Watt 56-60 

Weight defined 9 

Weight of conductor, resist- 
ance referred to 35-36 

Wheatstone bridge, principle 

of 25 

Winding, series and shunt 106-107 
Wire, rule for heating of, by a 

current 59 

Work defined.."? 9 

Work of current 60 



® ELECTRICAL INSUUTION. ® 



To conduct water under pressure a pipe is necessary ; but since electricity 
follows the best conductor it comes in contact with, or rather follows all, 
in proportion to their conductivity, and since DRY AIH is a very poor con- 
ductor, our telegraph and telephone wires, suspended in air, carry sufficient 
current to do their work without any insulation save at their supports, and 
seldom cause injury except when overcharged by atmospheric electricity; 
but currents for ELECTBIC LIGHT or PCWER are of immensely 
greater potential or are very liable to over-loads in quantity which render 
them dangerous to handle, quite Ukely to cause combustion, and sure to leak 
even on to poor conductors unless they are properly insulated. 

As water is a good conductor and fiber cannot be saturated so as not to 
absorb moisture and thereby become a conductor, no reliable insulator has 
yet been found except gum. 

Q-UTTA-FEBCHA is the standard for high insulation, and has no equal 
under water or under ground ; but as it does not stand exposure to heat, 
VUIjCAJS'IZED BUBBEB is better for general use, for air lines and 
inside wiring. 

The vulcanized coat contains sulphur and should never be put immediately 
on to the copper. 

The best and most durable insulation is by a coat of pure gum or compound 
without sulphur next the copper, then a coat of vulcanized rubber, and all 
protected by a tape or braid. The 

BISHOP GUHA-PERCHA COMPANY, 

420-426 East 25t]i St., New York, 



is the oldest in the insulating business, and makes the very highest grades 
of insulated wire for all purposes, and their BTJBBEB-rN'SUIiATED 
wires for electric light and power arc littio, if any, more expensive than are 
other (so-called) insulated wires whit^h aro fur inferior. 
Send for catalogue. 

HENRY A. REED, Manager. 
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